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FILM- COATED POWDER, COATING COMPOSITION, AND COATED MATERIAL 

FIELD OF THE INVENTION 

The present invention relates to film-coated powders, 
coating compositions and coated materials, precisely to powders 
having vivid and beautiful colors, to coating compositions for 
automobiles, general articles, color paints, color ink, toners 
and the like that show color shifts (color changes depending 
on viewing angles), and to their coated materials. 

The invention also relates to multi-layer film-coated 
powders and their production method, in particular, to 
multi-layer, film-coated magnetic powders with coating control 
of the light interference multi-layer film on the surface of 
the substrate particles thereof and usable for color toners, 
color inks, coating compositions, cosmetic pigments and others, 
and to a method for producing them. 

BACKGROUND ART 

It is known to coat the surface of powder with a film 
of some other substance to thereby improve or diversify the 
properties of the powder, and a demand for obtaining powders 
with specific properties is increasing. In particular, powders 
having the properties intrinsic to metal powders or metal 
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compound powders and having some other properties, therefore 
having composite functions are desired. For producing such 
powders, coating a base powder with multiple layers of metal 
oxide films having a uniform thickness is taken into 
consideration . 

We, the present inventors have previously invented a 
method of forming a metal film on substrate particles to thereby 
whiten the powder owing to the reflection effect of the film 
(JP-A 3-271376, 3-274278), and a method of dispersing substrate 
particles in a metal alkoxide solution to hydrolyze the metal 
alkoxide, thereby forming a metal oxide film having a uniform 
thickness of from 0.01 to 20 urn on the surface of the substrate 
particles to produce a powder having a metal oxide film of which 
the metal component differs from the metal of constituting the 
base (JP-A 6-228604) . 

In particular, the above-mentioned powder having 
multiple layers of metal oxide films or metal films may have 
specific functions given thereto by controlling the thickness 
of each layer, and, for example, when coating films having a 
different refractive index are formed oh the surface of substrate 
particles to have a thickness corresponding to the 1/4 wavelength 
of the incident light applied thereto, then the resulting powders 
may totally reflect the incident light thereto. When this is 
applied to magnetic substrate particles, then the resulting 
powders reflect light to be for white toners . In addition, when 
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the film thickness is so designed that the unit coating layers 
to constitute the light interference multi-layer films on the 
surface of the powders may have an interference reflection peak 
of a specific same wavelength, then it is indicated that the 
resulting powders could be monochromatic powders even when any 
dye or pigment is not used therein. 

In powdery substrates, however, there exists no 
theoretical analysis necessary for accurately controlling the 
light reflection characteristics from multi-layer thin films, 
and therefore when film thickness planning is effected with no 
correction thereon, then a case may occur where the refractive 
index value of the final film-coated substrates may be remote 
from the intended value owing to the fitting after every layer 
coating. 

Even when a suitably planned film thickness value could 
be obtained, it is still impossible to monitor the actual film 
thickness to be the just-planned value in actual film-forming 
operations of producing multi-layer film-coated powders. 

For powdery substrates, when the coating . films are so 
controlled that the maximum or minimum reflection wavelength 
determined through spectrometry would be a predetermined value 
on flat substrates, then there occurs a problem in that the 
finally-obtained multi-layer coated films could not have a 
desired reflection intensity at a desired wavelength. 

Regarding powdery substrates, therefore, multi-layer 
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film-coated powders and their production method are desired, 
in which the film thickness is so planned that the reflection 
intensity at a specific wavelength light of each film could be 
large and the coated powders could have a desired reflection 
intensity at a desired wavelength as having the planned film 
thickness. 

On the other hand, a new trend in the art is toward pigments 
that give off beautiful colors owing to light interference action 
thereon and have an optical effect of color shift to attain color 
change depending on viewing angles, and therefore give 
angle-dependent colors and have a luster effect, and there is 
an increasing demand for the pigments of the type in many 
industrial fields of, for example, automobile coating, 
decoration coating, plastic pigment coloring, as well as coating 
compositions, printing inks and others. 

The importance of these pigments is increasing more and 
more in producing secrete documents for forgery prevention, 
including, for example, banknotes, checks, check cards, credit 
cards, revenue stamps, postage stamps, railroad and air tickets, 
telephone cards, public lottery tickets, gift tickets, passports 
and identification cards. 

For example, printed matters with a printing ink formed 
by the use of the above-mentioned color shift-effect pigment 
can be readily and surely differentiated from printed matters 
with ordinary printing ink, when seen with the naked eye. 
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In particular, pigments are important that undergo 
angle-dependent color changes between two or more strong 
interference colors and therefore have a color shift effect of 
extremely noticeable color change . 

Regarding the conventional technique of their production, 
luster pigments having a color shift effect are produced through 
physical vapor deposition (USP Nos. 3,438,796 and 5,135,812), 
or are produced through vapor-phase decomposition of volatile 
precursors for coating of small and flat metal materials (CVD, 
chemical vapor deposition) , or are produced through wet chemical 
coating of small and flat metal materials. 

Goniochromatic luster pigments that comprise a base of 
transparent silicate substrate or coated small and flat iron (III) 
oxide are described in West German Patent (DE-A) No. 19618569, 
European Patent (EP-A) 753545, and further former West German 
Patent Application No. 19808657.1. 

On the other hand, titanium dioxide-coated, small and 
flat silicate^based, new goniochromatic luster pigments are 
disclosed in German Patent (DE-A) No, 2000-44834 (by BASF AG) , 
which differ from conventional luster pigments in point of the 
substrate substance thereof and/or the coating mode for them, 
in that they are heated in a reducing atmosphere and have at 
least one layer packet that comprises (A) a colorless coating 
having a refractive index, n < 1.8 and (B) a colorless coating 
having a refractive index n > 2.0. 
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However, the luster pigments described in DE-A No. 
2000-44834 exhibit angle-dependent color change only of from 
greenish blue to violet, and at present, there is no satisfactory 
disclosure of pigments capable of undergoing color change to 
any other vivid color such as red, yellow, etc. 

Accordingly, now desired are film-coated powders that 
have a color shift effect for angle-dependent color change 
between bright and strong interference colors and have 
advantageous applicability characteristics capable of 
broadening the coloration latitude with them; and also desired 
are coating compositions and coated materials. 

We, the present inventors have succeeded in obtaining 
film-coated powders having increased lightness and color 
saturation and having a vivid color shift (color change) effect, 
by increasing the number of the coating films more than 
conventionally to give at least two-layeredor moremulti-layered 
coated powders and by specifically so controlling the film 
planning that the reflectance at the wavelength of the maximum 
value of the reflection spectrum is enlarged and the wavelength 
width of the reflection peak having the maximum value is reduced. 

In addition, we have presumed that the reasons for the 
above-mentioned problems would be because, in planning films 
to be formed on powders, the light incident angle into powders 
is not constant contrary to that into flat substances, and the 
in-plane light path length in different coated particles is not 
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constant also contrary to that in flat substances. Given that 
situation, we have effected specific correction in planning the 
thickness of the coating films, and, as a result, have succeeded 
in obtaining multi-layer film-coated powders having the 
specifically-planned film thickness profile and therefore 
having a desired reflection intensity at a desired wavelength, 
and in completing a method for producing them. 

DISCLOSURE OF THE INVENTION 

Specifically, the invention relates to the following: 

(1) A film-coated powder having a coating film on the 
surface of substrate particles, which has spectrophotometry 
characteristic in that, when the ratio of the length at 400 nm 
between 380 and 780 nm on measuring the reflection spectrum from 
the vertical reflection light of the film-coated powder 
(wavelength definition width L) to the height of the reflectance 
100 % in the vertical axis (reflectance definition width R) , 
L/Ris5/2, then the ratio of the peak height (H) to the half-value 
width (W), H/W is at least 1. 

(2) The film-coated powder according to the above (1) , 
wherein the coating film comprises two or more layers . 

(3) The multi-layer film-coated powder according to the 
above (1) , wherein the coating film comprises two or more layers 



having a different refractive index, and 

the thickness of each layer of the coating film is so 
designed that the reflection intensity R (X) of the multi-layer 
film-coated powder, as corrected in point of the shape and the 
particle size thereof from the reflection intensity R flat of the 
multi-layer film of the corresponding multi-layer film-coated 
flat specifically selected in point of the material of the 
substrate particles, the number of the coating layers, the 
coating order of the coating layers, the material of the coating 
layers and the desired reflected light wavelength, may be the 
maximum value or the minimum value at a desired wavelength. 

( 4 ) The multi-layer film-coated powder according to the 
above (3) , wherein the thickness of each layer of the coating 
film is so designed that the R (A.) value may be the maximum value 
or the minimum value at a desired wavelength when the matters 
based on the material of the substrate particles, the number 
of the coating layers, the coating order of the coating layers, 
the material of the coating layers and the desired reflected 
light wavelength all speci f ically selected herein are introduced 
into the following recurrence formula (1) to give the multi-layer 
film reflection intensity, 
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R r J.U + R JJ-i ex P(- 2i6 i) 

(1) 

25j - — Djdj cos4>j 

wherein R^-n.j indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more (j - 1 = 0 indicates the 
substrate) / 

i indicates an imaginary unit; 

r j+ i,j indicates the Fresnel reflectance coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

R^j-i indicates the amplitude reflection intensity between the 
(j-l)th layer from the bottom and the layer just above it; 

25-j indicates the phase difference at the j-th layer from the 
bottom, 

X indicates the desired reflected light wavelength; 

n 5 indicates the refractive index of the j-th layer from the 

bottom; 

dj indicates the thickness of the j-th layer from the bottom; 
<|>j indicates the light incident angle into the j-th layer from 
the bottom, 

and the resulting R f3Ut value is further applied to the following 
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equation (2) : 



R(X)=> sin 2d - R flat (X,6)-dO (2) 

wherein 0 indicates the incident angle into the outermost 
layer, to thereby take the shape-dependent correction of the 
value into consideration for the film thickness. 

( 5) The multi-layer film-coated powder according to the 
above (3), wherein the thickness of each layer of the coating 
film is determined by coating the selected substrate particles 
with the selected multiple coating layers with stepwise varying 
the thickness of the layers in some types to give a film-coated 
powder for particle size correction, then measuring the actual 
film thickness (d«) of each coating layer of the film-coated 
powder, analyzing the film-coated powder with a spectrometer 
to obtain the optical film thickness <nd) of each coating layer 
of the film-coated powder, computing the ratio, nd/nd„, of the 
optical thickness (nd) of each coating layer to the product (nd M ) 
of the actually-measured film thickness of each coating layer 
of the film-coated powder and the refractive index thereof (n) , 
and 

multiplying the ratio nd/ndw by 28 } in the following 
recurrence formula (1) to give the multi-layer film reflection 
intensity, 
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r J , u + R jJ _ l exp(-2i6 j ) 
i»ut « - 
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1 + r ^y R jj-i ex P(^ 2i6 j) 
An 



(i) 



,J= X njdj cos * j 



wherein R j+ i (j indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more (j - 1 = 0 indicates the 
substrate) ; 

i indicates an imaginary unit; 

r 3 +i ri indicates the Fresnel reflectance coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

Rjo-i indicates the amplitude reflection intensity between the 
(j-l.) th layer from the bottom and the layer just above it; 

26 3 indicates the phase difference at the j-th layer from the" 
bottom, 

X indicates the desired reflected light wavelength; 

n-j indicates the refractive index of the j-th layer from the 

bottom; 

d, indicates the thickness of the j-th layer from the bottom; 
<|>j indicates the light incident angle into the j-th layer from 
the bottom, 
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to obtain the intended film thickness as corrected in 
point of the spectral characteristics of the multi-layer 
film-coated powder. 



( 6) The multi-layer film-coated powder according to the 
above (5) , wherein the measurement of the actual film thickness 
(dM) of each coating layer of the film-coated powder for particle 
size correction is attainedby cutting eachparticle of the powder 
and analyzing the cut face thereof. 



(7) The multi-layer film-coated powder according to the 
above (6) , wherein the film-coated particles for particle size 
correction are cut by processing them with focused ion beams. 

(8) A coating composition which comprises the 
film-coated powder according to claim 1. 

(9) A coated material formed by applying the coating 
composition according to the above (8) . 

(10) A multi-layer film-coated powder, which comprises 
at least two coating layers having a different refractive index 
on the substrate particles thereof and which reflects light 
having a specific wavelength, 

wherein the thickness of each layer of the coating film 
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is so designed that the reflection intensity R (X) of the 
multi-layer film-coated powder, as corrected in point of the 
shape and the particle size thereof from the reflection intensity 
Rn»t of the multi-layer film of the corresponding multi-layer 
film-coated flat specifically selected in point of the material 
of the substrate particles, the number of the coating layers, 
the coating order of the coating layers, the material of the 
coating layers and the desired reflected light wavelength, may 
be the maximum value or the minimum value at a desired wavelength. 

(11) The multi-layer film-coated powder according to 
the above (10), wherein the thickness of each layer of the coating 
film is so designed that the R(X) value may be the maximum value 
or the minimum value at a desired wavelength when the matters 
based on the material of the substrate particles, the number 
of the coating layers, the coating order of the coating layers, 
the material of the coating layers and the desired reflected 
light wavelength all specifically selected herein are introduced 
into the following recurrence formula (1) to give the multi-layer 
film reflection intensity, 
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26 j=ir n j <, i cos *j 



wherein Rj+i, j indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more (j - 1 = o indicates the 
substrate) ; 

i indicates an imaginary unit; 

r a+1 , 3 indicates the Fresnel reflectance coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

R 3 , 3 -i indicates the amplitude reflection intensity between the 
(j-l)th layer from the bottom and the layer just above it; 

25j indicates the phase difference at the j-th layer from the 
bottom, 

X indicates the desired reflected light wavelength; 

n 3 indicates the refractive index of the j-th layer from the 

bottom; 

dj indicates the thickness of the j-th layer from the bottom ; 
4>j indicates the light incident angle into the j-th layer from 
the bottom, 
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and the resulting R f i at value is further applied to the following 
equation (2) ; 



wherein 9 indicates the incident angle into the outermost 
layer, to thereby take the shape-dependent correction of the 
value into consideration for the film thickness. 

(12) The multi-layer filra-coated powder according to 
the above (10), wherein the thickness of each layer of the coating 
film is determined by coating the selected substrate particles 
with the selected multiple coating layers with stepwise varying 
the thickness of the layers in some types to give a film-coated 
powder for particle size correction, then measuring the actual 
film thickness (dn) of each coating layer of the film-coated 
powder, analyzing the film-coated powder with a spectrometer 
to obtain the optical film thickness <nd) of each coating layer 
of the film-coated powder, computing the ratio, nd/nd„, of the 
optical thickness <nd) of each coating layer to the product (nd*) 
of the actually-measured film thickness of each coating l ayer 

of the film-coated powder and the refractive index thereof (n) , 
and 

multiplying the ratio nd/nd M by 25, in the following 
recurrence formula (1) to give the multi-layer film reflection 
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intensity, 



R 



r j*u + r jj-i c M-2&s) 



(i) 



26 



wherein Rj+juj indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more (j - 1 = 0 indicates the 
substrate) ; 

i indicates an imaginary unit; 

indicates the Fresnel reflectance coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

Rj f ^i indicates the amplitude reflection intensity between the 
(j-l)th layer from the bottom and the layer just above it; 

25-j indicates the phase difference at the j-th layer from the 
bottom, 

X indicates the desired reflected light wavelength; 

n-j indicates the refractive index of the j-th layer from the 

bottom; 

dj indicates the thickness of the j-th layer from the bottom; 
<j>j indicates the light incident angle into the j-th layer from 
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the bottom, 

to obtain the intended film thickness as corrected in 
point of the spectral characteristics of the multi-layer 
film-coated powder. 

(13) The multi-layer film-coated powder according to 
the above (12) , wherein the measurement the actual film thickness 
(cJm) of each coating layer of the film-coated powder for particle 
size correction is attainedby cutting eachparticle of the powder 
and analyzing the cut face thereof. 

(14) The multi-layer film-coated powder according to 
the above (13), wherein the film-coated particles for particle 
size correction are cut by processing them with focused ion beams . 

(15) A method for producing a multi-layer film-coated 
powder, which comprises at least two coating layers having a 
different refractive index on the substrate particles thereof 
and which reflects light having a specific wavelength, 

wherein the thickness of each layer of the coating film 
is so determined that the reflection intensity R (X) of the 
multi-layer film-coated powder, as corrected in point of the 
shape and the particle size thereof from the reflection intensity 
Rfiat of the multi-layer film of the corresponding multi-layer 
film-coated flat specifically selected in point of the material 



of the substrate particles, the number of the coating layers, 
the coating order of the coating layers, the material of the 
coating layers and the desired reflected light wavelength, may 
be the maximum value or the minimum value at a desired wavelength, 
and the intended powder is produced so that it may have the 
thus-determined film thickness. 



(16) A method for producing the multi-layer film-coated 
powder according to the above (2) , wherein the thickness of each 
layer of the coating film is so determined that the reflection 
intensity R [X) of the multi-layer film-coated powder, as 
corrected in point of the shape and the particle size thereof 
from the reflection intensity R flat of the. multi-layer film of 
the corresponding multi-layer film-coated flat specifically 
selected in point of the material of the substrate particles, 
the number of the coating layers, the coating order of the coating 
layers, the material of the coating layers and the desired 
reflected light wavelength, may be the maximum value or the 
minimum value at a desired wavelength, and the intended powder 
is produced so that it may have the thus-determined film 
thickness . 

(17 ) The method for producing a multi-layer film-coated 
powder according to the above (15) or (16) , wherein the thickness 
of each layer of the coating film is so designed that the R(X) 

18 



value may be the maximum value or the minimum value at a desired 
wavelength when the matters based on the material of the substrate 
particles, the number of the coating layers, the coating order 
of the coating layers, the material of the coating layers and 
the desired reflected light wavelength all specifically selected 
herein are introduced into the following recurrence formula (1) 
to give the multi-layer film reflection intensity, 

R r J+M + R jj-i cx P(-2'Sj) 

28j= X njdj C0S * J 

wherein R j+1>j indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more (j - l . o indicates the 
substrate) ; 

i indicates an imaginary unit; 

r^i.j indicates the Fresnel reflectance coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

R JfJ -i indicates the amplitude reflection intensity between the 
(j-l)th layer from the bottom and the layer just above it; 
28 ) indicates the phase difference at the j-th layer from the 
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bottom, 

X indicates the desired reflected light wavelength; 

n 5 indicates the refractive index of the j-th layer from the 

bottom; 

dj indicates the thickness of the j-th layer from the bottom; 

indicates the light incident angle into the j-th layer from 
the bottom, 

and the resulting R fXat value is further applied to the 
following equation (2) ; 

wherein 9 indicates the incident angle into the outermost 
layer, to thereby attain the shape-dependent correction of the 
value for the film thickness. 

(18) The method for producing a multi-layer film-coated 
powder according to the above (15) or (16) , wherein the thickness 
of each layer of the coating film is determined by coating the 
selected substrate particles with the selected multiple coating 
layers with stepwise varying the thickness of the layers in some 
types to give a film-coated powder for particle size correction, 
then measuring the actual film thickness (d„) of each coating 
layerof the film-coated powder, analyzing the film-coated powder 
with a spectrometer to obtain the optical film thickness (nd) 
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of each coating layer of the film-coated powder, computing the 
ratio, nd/nd„, of the optical thickness (nd) of each coating 
layer to the product (nd M ) of the.actually-measured film thickness 
of each coating layer of the film-coated powder and the refractive 
index thereof (n) , and 

multiplying the ratio nd/nd M by 26) in the following 
recurrence formula (1) to give the multi-layer film reflection 
intensity, 



1 + r j+U R JJ-i ex P(- 2i6 j) 



4ji 

26j «— njdjcos^, 



(i) 



wherein R j+1 ,., indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more {j - l = o indicates the 
substrate); 

i indicates an imaginary unit; 

rj+i.j indicates the Fresnel reflectance coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

R 3rj -i indicates the amplitude reflection intensity between the 
(j-l)th layer from the bottom and the layer just above it; 
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25j indicates the phase difference at the j-th layer from the 
bottom, 

X indicates the desired reflected light wavelength; 

n-j indicates the refractive index of the j-th layer from the 

bottom; 

dj indicates the thickness of the j-th layer from the bottom; 
<t>j indicates the light incident angle into the j-th layer from 
the bottom, 

to correct the spectral characteristics of the powder 
having the coating layers for the substrate particle 
size-dependent correction of the value for the film thickness, 
and forming the coating layers so that they may have the 
thus-corrected spectral ' characteristics . 

(19) The method for producing a multi-layer film-coated 
powder according to the above (18) , wherein the measurement the 
actual film thickness (dn) of each coating layer of the 
film-coated powder for particle size correction is attained by 
cutting each particle of the powder and analyzing the cut face 
thereof. 

(20) The method for producing a multi-layer film-coated 
powder according to the above (19), wherein the film-coated 
particles for particle size correction are cut by processing 
them with focused ion beams. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the computed values of the 
relative reflectance of each coating film obtained according 
to equations (1) and (2) in Example 10. 

Fig. 2 is a graph of a relational curve (dotted line) 
indicating the actual film thickness (d M ) of a f ilm-coatedpowder 
for particle size correction of the first layer, si0 2 film, and 
the optical film thickness (nd) thereof, in Example 10. 

Fig. 3 is a graph of a relational curve (dotted line) 
indicating the actual film thickness <d M > of a film-coated powder 
for particle size correction of the second layer, Tio z film, 
and the optical film thickness (nd) thereof, in Example 10. 

Fig. 4 is a graph showing the computed values of the 
relative reflectance of each coating film obtained according 
to equations (1) and (2) and through particle size-dependent 
correction in Example 10. 

Fig. 5 is a graph showing the relative reflectance of 
each coating film of the multi-layer f ilm-coatedpowder actually 
produced in Example 10. 

Fig. 6 is a graph showing the computed values of the 
relative reflectance of each coating film obtained with no 
correction according to formulae (1) and (2), in Comparative 
Example 1. 



23 



Fig. 7 is a graph showing the relative reflectance of 
each coating filmof the multi-layer film-coated powder actually 
produced in Comparative Example 1. 



BEST MODE FOR CARRYING OUT THE INVENTION 

The film-coated powders, the coating compositions and 
the coated materials of the invention are described in detail 
hereinunder . 

The film-coated powders, the coating compositions and 
the coated materials of the invention preferably comprises a 
multi-layer film-coated powder having a coating film on the 
surface of substrate particles. The spectrophotometry 
characteristic of the film-coated powder are such that, when 
the ratioof the length at 400 nmbetween 380 and 78 0 tun on measuring 
the reflection spectrum from the vertical reflection light of 
the film-coated powder (wavelength definition width L) to the 
height of the reflectance 100 % in the vertical axis (reflectance 
definition width R) , L/R is 5/2, then the ratio of the peak height 
(H) to the half-value width (W) , h/W is at least 1. The 
film-coated powder of the type gives deep and vivid colors except 
white. 

in film-forming reaction in the film-coated powders, the 
coating compositions and the coated materials of the invention, 
deposition of a solid phase not forming a film is prevented 
according to the operation and the effect mentioned below, 
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whereby a coating film having a uniform thickness and having 
a desired thickness could be formed on the surface of substrate 
particles . 

<1> A buffer solution is used for the reaction solvent, and the 
reaction system is kept at a predetermined pH. Accordingly, 
the influence of acid or alkali on the system could be relieved, 
and the surface corrosion of the substrate may be prevented. 
<2> Ultrasonic dispersion improves not only the dispersibility 
of the substrate particles, especially the magnetic particles 
such as magnetite powder, but also the dif fusibility of the 
film-forming component, and, in addition, it prevent the adhesion 
of films to each other and therefore improves the dispersibility 
of the film-coated substrate particles. 

<3> The film-forming component is deposited at a suitable 
reaction speed, and deposition of a solid phase not forming a 
film is prevented. 

Owing to the synthetic effect as above, the surface charge 
of the film-coated powder may be kept constant; and owing to 
the action of the electric double layer thereof, the film-coated 
powder does not aggregate and its particles are well dispersed. 

For better action of the electric double layer, it is 
desirable that the p h varies depending on the combination of 
the substance of the substrate and the type of the metal compound 
to be formed in the liquid reaction system through the 
film-forming reaction therein, and is not the same as the electric 
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point of the two. 

Though water-soluble materials are used in the invention, 
the film-coated particles do neither aggregate nor cake up 
together owing to the above-mentioned effect and mechanism 
thereof even when magnetic substrates are used. Accordingly, 
the invention makes it possible to produce film-coated powders 
that allow preferred film thickness control. In addition, the 
invention also makes it possible to provide functional powders 
that maintain the characteristics (e.g., magnetic properties) 
of the substrate particles at high level. 

Further, since water is used as the solvent, its advantage 
is that the production cost for film formation is low as compared 
with an alkoxide method. 

As mentioned above, the film-coated powders, the coating 
compositions and the coated materials of the invention are 
specifically so designed that the number of the coating layers 
therein is preferably at least two or more and the thickness 
of each layer is increased based on the technique intrinsic 
thereto so as to ensure the spectrometry properties in that 
the reflectance at the peak in the reflection spectrum is 
increased and the ratio of the peak height (H) to the half-value 
width ( W ), h/W falls within a specific range as above'. 
Accordingly, they give off beautiful colors having a high color 
saturation, and have a vivid color shift {color change) effect, 
and as having the advantageous applicability, they make it 
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possible to enlarge the range of coloration possibility. 

Regarding the ratio of the peak height (H) to the 
half-value width (W) , H/W, the film-coated powder must keep the 
spectrometry properties of such that the ratio of the peak height 
(H) to the half-value width (W) , H/W, is at least 1, preferably 
at least 1.5, more preferably at least 2, when the ratio of the 
length at 400 nmbetween 380 and 780 nm on measuring the reflection 
spectrum from the vertical reflection light of the film-coated 
powder (wavelength definition width L) to the height of the 
reflectance 100 % in the vertical axis (reflectance definition 
width R) , L/R is expressed to be 5/2, as so mentioned hereinabove . 

If the ratio H/W is less than 1, then the width of the 
reflected color may be broad, and the film-coated powder will 
give a pale color and could not give a vivid color. 

The coating compositions are useful in the field of 
industry, for example, for automobile coating, decoration 
coating, plastic pigment coloring, as well as coating 
compositions, printing inks and others. 

The film-coated powders, the coating compositions and 
the coated materials of the invention are being more and more 
important in producing secrete documents for forgery prevention, 
including, for example, banknotes, checks, check cards, credit 
cards, revenue stamps, postage stamps, railroad and air tickets, 
telephone cards, public lottery tickets, gift tickets, passports 
and identification cards. 
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These have such excellent functions and, when a magnetic 
material, a conductive material or a dielectric material is used 
for their substrate, then they may react on external factors 
such as electric field or magnetic field and may therefore have 
some additional function of mobility, rotation, movement, heat 
generation and the like . For example, when a magnetic material 
is used for the substrate thereof, then the coated powder may 
be applicable to pigment for color magnetic toner or color 
magnetic ink not detracting from the magnetic property thereof. 

In case where multiple layers of metal hydroxide or metal 
oxide films formed through reaction of metal salts or the like 
form the low-ref ractivity light-transmissive coating film of 
the coated layer, when the thickness of each layer of the coating 
film (this coats the substrate particles and participates in 
light interference) is specif ically controlled, then the coated 
powdermayhave a specific function. Forexample, when alternate 
coating films having a different refractive index are formed 
on the surface of substrate particles so as to satisfy the 
following formula (3), or that is, when a suitable number of 
such alternate films having a refractive index n and a thickness 
d that corresponds to integer m-times as large as 1/4 of the 
wavelength of visible light are formed to have a suitable 
thickness, then the coated particles may reflect or absorb the 
light of the specific wavelength X (utilizing the Fresnel 
interference reflection) . 
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Utilizing this effect, a coating film that has a thickness 
and a refractive index to satisfy the formula (3) relative to 
the wavelength of the intended visible light is formed on the 
surface of substrate particles, and one or more other coating 
films having a different refractive index are formed thereon 
once or alternately twice or more, whereby the particles may 
be coated with multiple coating films having a reflection peak 
in the visible wavelength range . The order of forming the films 
may be determined as follows: When the substrate to be nuclei 
has a high refractive index, then it is desirable that the first 
layer has a low refractive index; but in the case contrary to 
this, it is desirable that the first layer has a high refractive 
index . 

The film thickness is controlled by measuring the optical 
thickness, which is a product of the refractive index of the 
film and the film thickness, with a spectrophotometer as a 
reflected waveform. Concretely, the film thickness of each 
layer is so designed that the reflected waveform could be finally 
the necessary waveform. For example, when the peak position 
of the reflected waveform of each unit film to constitute a 
multi-layer coating film is made to accurately correspond to 
a specific wavelength, then monochromatic color powder of blue, 
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green or yellow can be produced even when any dye or pigment 
is not used. 

However, actual substrates must be designed in 
considerationof the particle size and the shapeof the substrate, 
the phase shift in the interface between the film substance and 
the substrate particle substance, and the peak shift owing to 
the wavelength dependency of the refractive index of the 
substrate. For example, it is desirable that the peak shift 
owing to the oxide layer on the surface of the substrate particles 
and the peak shift owing to the wavelength dependency of the 
refractive index of the substrate are taken into consideration. 

when metals, or substrate particles or films having a 
large attenuation coefficient are used, the reflected light on 
the metal surface or on the surface of the substance having a 
large attenuation coefficient may be elliptically polarized to 
cause a phase shift, and this interference will have some 
influence on the intergranular phase of the substrate particles 
and the multi-layer films. Preferably, this is taken into 
consideration. 

Even when the geometrical film thickness is adjusted, 
the peak position may be still shifted. In particular, the 
density in cyan coloration will reduce. To prevent it, the 
influence of phase shift on every film is taken into consideration, 
and the best combination of films having a different thickness 
is designed through computer simulation, 
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In addition/ there is another peak shift to be caused 
by the phase shift owing to the oxide layer on the surface of 
substrate or by the wavelength dependency of the refractive index 
of the substrate. To correct it, the optimum condition must 
be found out through spectrometry in order that the reflection 
peak could be at the intended wavelength at the number of the 
final intended films. 

The interference of curved films such as those of spherical 
particles may be the same as that of flat films. Basically, 
it follows the Fresnel interference principle. Accordingly, 
the coloration method may be planned in a specific color system. 
In curved cases, however, the light having entered powdery 
particles undergoes complicated interference. When the number 
of the films is small, the interference waveform is almost the 
same as that on flat films. However, with the increase in the 
number of the constitutive layers, the interference inside the 
multi-layer film will be more complicated. Based on the Fresnel 
interference, the multi-layer film may also be specifically so 
designed that the combination of the constitutive layers could 
be the best through computer simulation of the reflection 
spectral curve thereof. In particular, when the surface of 
substrate particles is coated with a multi-layer film, the 
influence of the phase shift between the surface of the substrate 
particles and all the constitutive layers is taken into 
consideration and the optimum layer combination may be planned 
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through computer simulation. In addition, the peak shift owing 
to the oxide layer on the surface of the substrate particles 
and the peak shift owing to the wavelength dependency of the 
refractive index of the substrate are also taken into 
consideration, in actual sample production, the planned 
spectral curve is referred to, and in actual films, the planned 
data are corrected. Therefore, the optimum condition must be 
found out through spectrometry while the film thickness is varied 
so that the reflection peak could be at the intended wavelength 
at the number of the final intended films. 

When metals, or substrate particles or films having a 
large attenuation coefficient are used, the reflected light on 
the metal surface or on the surface of the substance having a 
large attenuation coefficient may be elliptically polarized to 
cause a phase shift, and this interference will have some 
influence on the intergranular phase of the substrate particles 
and the multi-layer films. Therefore, it is extremely 
complicated to optimize the respective substances and to obtain 
the intended waveform. For obtaining the optimum interference 
reflection waveform, the optical data of the substrate particles 
and the substances to form the constitutive layers of the 
multi-layer film are determined, and on the basis of them, a 
combination of the film and its thickness to give the intended 
waveform must be previously determined through computer 
simulation, as so mentioned hereinabove. 
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When amorphous powders are colored, they also undergo 
interference with the multi-layer film that coats them, and the 
basis film planning is attained with reference to the condition 
for the interference multi-layer film for spherical powders. 

Thepeakposition of the unit layers to constitute themulti-layer 
film may be controlled by varying the film thickness of the 
constitute layers. Concretely, the film thickness may be 
accurately controlled by controlling the material composition, 
the solid phase deposition rate and the substrate amount in the 
process of forming the solid phase component such as metal oxide 
on the surface of the substrate particles to thereby form the 
coating film thereon, and the coating film thus formed on the 
substrate particles may have a uniform thickness and may be 
colored to have a desired color. 

As mentioned hereinabove, the optimum condition is found 
out while the film-forming condition including the film- forming 
solution and others is varied so that the peak and valley 
wavelength of the reflection spectrum could be the intended 
wavelength at the number of the final intended films, and powders 
having a specific color may be thereby obtained. When the 
combination of the substances to constitute themulti-layer film 
and the film thickness of each" unit layer are controlled, then 
the color by the interference of the multi-layer film may be 
thereby controlled. Accordingly, the powder may be vividly 
colored in any desired color even when any dye or pigment is 



33 



not used. 

For the maximum color shift, the sharp reflection peak 
wavelength and the number of peaks must be optimized, for which 
the thickness control of each layer is optimized . In particular, 
when reflection peaks outside the visible range appear inside 
the visible range depending on the viewing angle, or contrary 
to this, when reflection peaks in the visible range appear 
depending on the viewing angle, then colors may be simultaneously 
changed when the viewing angle varies even only slightly so far 
as they are sharp reflection peaks, and this is effective. 

The color change owing to color shift may be foreseen 
from the computed data of the peak position at varying incident 
angles in formula (1) or in combination of formulae (1) and (2) . 

In producing the film-coated powder of the invention, 
the material of the substrate particles, the particle size of 
the substrate particles, the number of the coating layers, the 
order of forming the coating layers, the material of each coating 
layer, and the desired reflected light wavelength must be 
selected and determined. 

In particular, selecting the materials of the substrate 
particles and the coating layers naturally results in 
specifically defining the refractive index thereof. 

Specifically defining the refractive index of the 
substrate particles and the coating layers participate in 
computing the Fresnel reflectance coefficient and the amplitude 
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reflection intensity of the constitutive layers. 

The curvature of the substrate particles and the 
multi-layer film is specifically defined by determining the 
particle size of the substrate particles . if the curvature could 
not be defined, then it will be difficult to correct the 
spectrophotometry characteristic for filmmonitoring that will 
be mentioned hereinunder. 

Determining the number of the coating layers participates 
in specifically defining the factor R„ at that will be mentioned 
hereinunder. 

The reflection intensity R £lat of the multi-layer film 
of the correspondingmulti-layer f il^coated flat may be obtained 
by introducing the material (refractive index) of the 
previously-selected substrate particles, the number of the 
coating layers, the coating order of the coating layers, the 
material (refractive index) of the coating layers and the desired 
reflected light wavelength into the following recurrence formula 
(I), and solving the equation: 

r t r J*u + R jj-i ex P(~2i6i) 

25j= "x E " jdjCOS *J 
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wherein R j+ i fj indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more (j - 1 = o indicates the 
substrate) ; 

i indicates an imaginary unit; 

r j+1 , 3 indicates the Fresnel reflectance coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

Rj.j-! indicates the amplitude reflection intensity between the 
(j-l)th layer from the bottom and the layer just above it; 

26, indicates the phase difference at the j-th layer from the 
bottom, 

X indicates the desired reflected light wavelength; 

n, indicates the refractive index of the j-th layer from the 

bottom; 

d, indicates the thickness of the j-th layer from the bottom; 

W indicates the light incident angle into the j-th layer from 
the bottom. 

The method of correcting the multi-layer reflection 
intensity R fm determined in the manner as above for substrate 
particles is not specifically defined. Preferably, the value 
R«at is further applied to the following equation (2): 
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*(A) = sin 20 • ^ (A,0) - <f 0 (2 ) 



wherein 0 indicates the incident angle into the outermost 
layer, and the thickness of each layer of the coating film is 
so designed that the R(X) value may be the maximum value or the 
minimum value at a desired wavelength. 

Applying the value R flat to the equation (2) means that 
the angle distribution of the light incident angle into 
multi-layer film-coated particles is approximated to the 
distribution of the light incident angle into one coated 
semi-sphere to thereby correct the solution of the equation (1) . 

For obtaining the thickness of e^ch coating layer, 
computer simulation is efficient. 

Next, coating layers are formed on substrate particles 
so that they may have the thickness defined in the manner as 
above . 

However, in actual film formation to give multi-layer 
film-coated powders, it is in fact impossible to directly monitor 
the actual film thickness of the layer being formed so that it 
could be the just planned value, as so mentioned hereinabove. 

Accordingly, monitoring the film thickness in 
film-forming operation may be attained by measuring the 
wavelength at which the reflection intensity of the coated 
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substance is the maximum or minimum value with a spectrometer, 
and the film- forming operation may be finished when the 
thus-measured data have reached the maximum or minimum re flection 
wavelength value that corresponds to the intended film thicknes s . 

However, in case where the substrate is powdery particles, 
then the relation between the measured data of the maximum or 
minimum reflection wavelength and the film thickness may be out 
of order owing to the curvature of the coating layers depending 
on the shape and the size of the particles, and when the coating 
films are formed in such a manner that the maximum or minimum 
reflection wavelength measured with a spectrometer may be the 
desired value, then there may occur a problem in that the finally 
obtained, multi-layer film coated particles could not have the 
desired reflection intensity at the desired wavelength. 

Accordingly, it will be necessary to correct the curvature 
of the coating layers depending on the shape and the size of 
the substrate particles. 

The correction method is not specifically defined. 
Preferably, selected substrate particles are coated with 
selected multiple coating layers with stepwise varying the 
thickness of the layers in some types to give a film- coated powder 
for particle size correction; then the actual film thickness 
(d„) of each coating layer of the film-coated powder is measured; 
the film-coated powder is analyzed with a spectrometer to obtain 
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the optical film thickness (nd) of each coating layer of the 
film-coated powder; the ratio, nd/nd*, of the optical thickness 
(nd) of each coating layer to the product (nd„) of the 
actually-measured film thickness of each coating layer of the 
film-coated powder and the refractive index thereof (n) is 
computed; and the ratio nd/nd M is multiplied by 25 3 in the 
above-mentioned recurrence formula (1) that gives the 
multi-layer film reflection intensity, to thereby correct the 
spectral characteristics of the multi-layer film-coated powder; 
and the coating layers are formed so as to have the thus-corrected 
spectral characteristics. 

The method of measuring the actual film thickness (d„) 
of each coating layer of the film-coated powder for particle 
size correction is not specifically defined. Preferably, the 
measurement is attained by cutting each particle of the 
film-coated powder for particle size correction, and analyzing 
the cut face thereof. Also preferably, the film-coated 
particles for particle size correction are cut by processing 
them with focused ion beams (FIB) , as their cut face is clear 
and is favorable for measurement of the actual film thickness 
(cVi) of each coating layer. 

In the film-coated powders, the coating compositions and 
the coated materials of the invention, the substrate particles 
to be coated with a metal oxide film or the like are not 
specifically defined. They may inorganic substances including 
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metal, or may be organic substances, or may also be magnetic 
substances, dielectric substances, conductive substances or 
insulating substances. 

When the substrate is metal, the metal may be any of iron, 
nickel, chromium, titanium, aluminium and the like. However, 
when the coated particles are desired to be magnetic, the metal 
is preferably magnetic such as iron or the like. The metal may 
be alloy, andwhenthe coatedparticlesaredesiredtobe magnetic, 
ferromagnetic alloys are preferred. 

When the substrate of the powder is a metal compound, 
its typical examples are oxides of the metals mentioned above, 
including, for example, oxides of iron, nickel, chromium, 
titanium, aluminium, silicon, as well as calcium, magnesium, 
barium or the like, and composite oxides thereof. Other metal 
compounds than metal oxides are metal nitrides, metal carbides, 
metal sulfides, metal fluorides, metal carbonates, metal 
phosphates, etc. 

Except metal for the substrate particles, usable are 
compounds of semi-metals or non-metals, especially oxides, 
carbides andnitrides thereof. Inaddition, silica, glass beads 
and others may also be sued. 

The other inorganic substances include inorganic hollow 
particles such as silicon balloons (hollow silicate particles) ; 
fine carbon hoi low bal 1 oons Kurekasphere , fused alumina bubbl es , 
aerosil, white carbon, silica fine hollow balloons, calcium 
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carbonate fine hollow balloons, calcium carbonate, pearlite, 
talc, bentonite; micas such as synthetic mica, white mica; and 
kaolin. 

The organic substances are preferably resin particles. 
Specific examples of the resin particles are cellulose powder, 
. cellulose acetate powder; and spherical or ground particles of 
polyaraides, epoxy resins, polyesters, melaniine resins, 
polyurethanes, polyvinyl acetate resins, silicon resins, and 
polymers or copolymers of acrylates, methacrylates, styrene, 
ethylene, propylene and their derivatives. More preferably, 
the resin particles are spherical acrylic resin particles 

obtained through polymerization of acrylic acid or methacrylate. 

However, when the resin particles are the substrate 
particles, then the heating temperature for drying must not be 
higher than the melting point of the resin. 

Regarding the shape of the substrate, the substrate 
particles maybe in any form of spheres, sub-spheres; isotropic 
bodies such as regular polyhedrons; polyhedrons such as 
rectangularparallelepipeds, spheroids, rhombohedrons, tabular 
bodies, acicular bodies (columns, pillars) ; completely 
amorphous powders such as ground powders. 

Though not specifically defined, the particle size of 
the substrate is preferably from 0.01 p to a few mm. 

The specific gravity of the substrate may fall between 
0.1 and 10.5, but is preferably from 0.1 to 5.5, more preferably 
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from 0.1 to 2,8, even more preferably from 0.5 to 1.8 when the 
powder obtained is dispersed in liquid for its use, in view of 
the flowability and the floatability thereof. If the specific 
gravity of the substrate is smaller than 0.1 when the powder 
obtained is dispersed in liquid for its use, then the buoyancy 
thereof in liquid will be too large and the coating film must 
be a multi-layer one or must be extremely thick, and it is 
uneconomical. On the other hand, if it is over 10.5, then the 
thickness of the film for floating the coated particles will 
be thick, and it is also uneconomical. 

In the invention, the powdery substrate particles are 
coated with multiple coating layers each having a different 
refractive index in such a controlled manner that the refractive 
index and the thickness of the constitutive coating layers are 
specifically selected, and the thus-coatedpowders maybe colored 
in a specific color owing to the interference color of the layers 
and may express specific interference reflection peaks, outside 
the visible light range* 

On the selected substrate particles, coating layers of 
selected materials are formed in a selected forming order to 
give a selected number of the coating layers, in such a manner 
that the reflection intensity R (X) of the multi-layer 
film-coated powder could be the maximum value or the minimum 
value at a desired wavelength* 

The coating layers to be formed are not specifically 
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defined except for the selected material, the selected number 
of the layers, the selected coating order and the intended film 
thickness . For example, they may be formed of metal compounds, 
organic substances, etc. 

The metal for metal salts for use in the invention includes 
iron, nickel, chromium, titanium, zinc, aluminium, cadmium, 
zirconium, silicon, tin, lead, lithium, indium, neodymium, 
bismuth, cerium, antimony, as well as calcium, magnesium, barium, 
etc. Salts of these metals include sulfates, nitrates, 
hydrochlorides, oxalates, carbonates and carboxylates . In 
addition, they further include chelate complexes of metals 
mentioned above . The type of these metal salts may be suitably 
selected in the invention, depending on the intended properties 
of the coated particles and the method employed for producing 
the coated particles. 

Basically, the powder of the invention is produced by 
forming a colorless transparent film on the substrate and 
laminating thereon multiple layers each having a different 
refractive index to color it. For it, therefore, the 
above-mentioned metals and their salts are used. However, when 
the waveforms of the reflection and absorption spectra could 
not give the desired color only by the interference coloration, 
then the following may be used: Sulfates, nitrates, 
hydrochlorides, oxalates, carbonates or carboxylates of metals 
such as cobalt, yttrium, sulfur, europium, dysprosium, antimony, 
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samarium, copper, silver, gold, platinum, rhodium, iridium, 
tungsten, iron, manganese. In addition, chelate complexes of 
these metals may also be used* The content of the metal of the 
type in the coating film may be from 10 ppm to 15 preferably 
from 10 ppm to 15 %, more preferably from 50 ppm to 5 t 

If the metal content is too small, then the coloration 
may be insufficient; but if too large, then the powder may be 
too much colored to have a dark color. This is inconvenient 
to the object of the invention that gives light-color powders. 

If desired, multiple layers of metal oxides from these 
metal salts may be formed, and further if desired, other metal 
oxide films may be formed thereon through hydrolysis of metal 
alkoxide, or still other layers may be formed thereon in a 
different film- forming method. 

In that manner, a multi-layer film may be formed on the 
substrate particles, and in addition, the film- forming condition 
may be specifically so designed that each layer may have a 
predetermined thickness and the coated particles may therefore 
have intended properties . Using inexpensive metal salts as the 
starting material, multi-layer coating films of metal oxides 
may be formed through simple operation, m particular, 
expensive metal alkoxides may not be used for the starting 
material to produce multi-layer film-coated powders, and this 
is an important advantage of the invention. 
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In the method of producing the coating composition of 
the invention that contains the film-coated powder, the process 
of forming the multi-layer coating film may be directly followed 
by the process of producing the composition. Apart from it, 
any other various methods may be employed where the coating layer 
is formed one by one, or the single layer formation is combined 
with a process of continuous formation of multiple layers. 

The particle size of the film-coated powder of the 
invention is not specifically defined, and may be suitably 
determined in accordance with the object of the invention, in 
general, it preferably falls between 0.1 m and a few mm, more 
preferably between 0.1 jim and 30 \an. 

The preferred range of the thickness of one layer of the 
film-coated powder of the invention varies, depending on the 
film substance and the size of the substrate particles. When 
the film substance is a substance having a large absorption 
coefficient, such as a metal or a non-transparent metal oxide 
or metal sulfide, then the layer thickness is preferably from 
\m to 0.5 um when the size of the substrate particles is from 
0.1 m to 1 nm;. or from 0.001 ja to 0.7 p when the size of the 
substrate particles is from 1 urn to 10 Mm; or from 0.001 m to 
1 - 0 m when the size of the substrate particles is 10 pm or more . 

When the film substance has a small absorption coefficient, 
such as a transparent oxide, then the layer thickness is 
preferably from 0.01 pm to 1 . 5 ^ when the size of the substrate 
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particles is from 0.1 pm to 1 pm; or from 0.01 (m to 3,0 pm when 
the size of the substrate particles is from 1 pm to 10 pm; or 
from 0,01 (iiti to 5,0 p\ when the size of the substrate particles 
is 10 [M or more- 

The preferred range of the overall thickness of the coating 
film of the film-coated powder of the invention also varies, 
depending on the size of the substrate particles ♦ When the size 
of the substrate particles is from O.lpmtol pin, then the overall 
thickness of the coating film is preferably from 0.1 pm to 5 
pm; when the former is from 1 pm to 10 pm, then the latter is 
preferably from 0,1 pm to 8 pm; and when the former is 10 pm 
or more, then the latter is preferably from 0.1 pm to 20 pm. 

In the step of film formation in the process of producing 
the film-coated powder and the coating composition of the 
invention, and especially when the film- forming reaction is 
attained in an aqueous solvent, the aqueous solvent serving as 
the film^forming reaction solvent is controlled to have a 
constant pH, and, at the same time, the film-forming reaction 
is attained under an ultrasonic dispersion condition to thereby 
form the intended coating film on the surface of the substrate, 
as so mentioned hereinabove. 

In the invention, a buffer may be added to the aqueous 
solvent to give a buffer solution for constant film-forming 
reaction therein, or a previously-prepared buffer solution may 
be used for the reaction. The film materials except the buffer 
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solution are added to the system of film-forming reaction to 
form the film. If the pH of the reaction system significantly 
varies when the film materials are added thereto, then it is 
desirable to add a buffer solution so as to prevent it* 

The constant pH as referred to herein means that the pH 
is within ±2 of the predetermined pH, preferably within ± 1, 
more preferably within ± 0,5. 

Not specifically defined, various types of buffer 
solutions may be used herein . It is important that the substrate 
particles can well disperse in the buffer solution and, in 
addition, the buffer solution must be selected so as to satisfy 
the requirements that the film-coated powder with a metal 
hydroxide or metal oxide deposited on the surface of the substrate 
may also disperse therein owing to the action of the electric 
double layer, and further, tight films may be formed in the 
above-mentioned slow and dropwise addition reaction. 

Accordingly, the method for producing the film-coated 
powder of the invention differs from any conventional methods 
of neutralization through reaction of metal salt solution, or 
deposition at isoelectric point, or deposition under heat or 
through degradation. 

Regarding the condition of ultrasonic dispersion, 
various ultrasonic oscillators may be used. For example, though 
not specifically defined, the water tank of an ultrasonic washer 
may be used. However, the condition of ultrasonic dispersion 



in the invent ion may vary, depending on the size of the oscillator, 
the shape and the size of the reactor, the amount and the volume 
of the reaction solution and the amount of the substrate particles . 
Therefore, suitable conditions maybe selected for each case. 

The buffer solution for use in the invention depends on 
the solid phase component to be deposited. Though not 
specifically defined, it includes Tris series, boric acidseries, 
glycine series, succinic acid series, lactic acid series, acetic 
acidseries, tartaric acid series, and hydrochloric acid series . 

One example of film formation in an aqueous solvent is 
described concretely hereinunder . This comprises forming an 
alternate multi-layer film of a high-ref ractivity metal oxide 
and a low-ref ractivity metal oxide. When titanium oxide or 
zirconium oxide film is formed, substrate particles are dipped 
n a buffer solution of acetic acid/sodium acetate or the like, 
and dispersed therein through ultrasonic oscillation. A metal 
salt of titanium or zirconium, titanium sulfate, zirconium 
sulfate or the like is used as a starting material, and an aqueous 
solution of the metal salt is gradually and dropwise added to 
the reaction system, whereupon the metal hydroxide or metal oxide 
thus formed may be deposited around the substrate particles. 
During the dropwise addition reaction, the pH is kept at the 
pH (5.4) of the buffer solution. 

After the reaction, the powder is separated in a mode 
of solid-liquid separation, then washed and dried, and 
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heat-treated. For drying it, any of vacuum drying or spontaneous 
drying may be employed. A spray drier or the like device may 
be used in an inert atmosphere. 

When the coating film is of titanium oxide, then the 
titanium oxide formation may be represented by the following 
reaction formula: 



Ti(SO«) 2 + 2H 2 0 -> Ti0 2 + 2H 2 $0« 



The Ti0 2 content of titanyl sulfate is preferably from 
5 g/liter to 180 g/liter, more preferably from 10/liter to 160 
g/liter. If the content is less than 5 g/liter, then the 
film-forming operation will take a lot of time and the amount 
of powder to be processed may reduce, and it is uneconomical; 
and if over 180 g/liter, then the system may be hydrolyzed while 
the diluted liquid is added thereto and it could not be the 
film-forming component. Anyhow, the two are unfavorable. 

When a film of silicon dioxide or aluminium oxide is to 
be formed, the titania-coated particles are dipped and dispersed 
in a buffer solution of KC1/H3P03 with NaOH added thereto . Then, 
a metal salt with silicon or aluminium, sodium silicate or 
aluminium chloride is used as a startingmaterial , and its aqueous 
solution is gradually and dropwise added to the reaction system, 
whereupon the formed metal hydroxide or metal oxide is deposited 
around the substrate particles. During the dropwise addition 
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reaction, the pH is kept at the pH (9.0) of the buffer solution. 

After the reaction, the powder is separated in a mode 
of solid-liquid separation, then washed and dried, and 
heat-treated. Through this operation, a metal oxide film of 
two layers each having a different refractive index is formed 
on the surface of the substrate particles. Repeating this 
operation gives a powder having a multi-layer metal oxide film 
formed on the surface thereof. 

When the coating film is of silicon dioxide, then the 
silicon dioxide formation may be represented by the following 
reaction formula: 

Na 2 Six0 2x+ i + H 2 0 xSi0 2 + 2Na + + 20H~ 

The film formation method of forming the metal compound 
film is described below. 

For the film formation, employable is any method of 
vapor-phase deposition of PVD, CVD or spray drying to thereby 
directly deposit the film on the surface of the substrate 
particles. 

However, preferred for use in the invention are the metal 
alkoxide method which we the present inventors have previously 
proposed as in JP-A 6-228640 and 7-90310 and International Patent 
Application W096/28269, and the aqueous system method as in JP-A 
11-131102. 
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In this case, the linear growth rate is kept higher than 
the solid phase deposition rate and the reaction condition is 
so controlled that an amorphous uniform film may be formed. 

Though not specifically defined, the organic substance 
is preferably resin. Specific examples of the resin are 
cellulose, cellulose acetate, polyamides, epoxy resins, 
polyesters, melamine resins, polyurethanes, polyvinyl acetate 
. resins, silicon resins, and polymers or copolymers of acrylates, 
methacrylates, styrene, ethylene, propylene and their 
derivatives. 

When the organic film {resin film) is formed, employable 
are (a) a method of dispersing substrate particles in a liquid 
Phase followed by forming a resin film on the particles through 
emulsion polymerization thereon (liquid-phase polymerization, 
and (b) a method of film formation in a vapor phase (CVD, PVD) . 

One example of producing the film-coated powder having 
a multi-layer film formed on substrate particles, which is to 
be in the coating composition of the invention, is described 
below. 

For example, when the substrate particles are formed of 
a substance having a high refractive index, then a 
low-refract ivity light- transmitting film is formed thereon, and 
a high-refractivity particle-forming film is thereon, and 
further a low-ref ractivity light-transmitting film is thereon 
in that order. Thus, these films are alternately formed on the 
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substrate particles. On the other hand, when the substrate 
particles are formed of a substance having a low refractive index, 
then a high-refractivity particle-forming film is formed thereon, 
and a low-ref ractivity light-transmitting film is thereon, and 
further a high-refractivity particle-forming film is thereon 
in that order. 

The starting materials to be used in film formation in 
the invention, especially metal salts for it is concretely 
described below. 

Preferred examples of the materials to be used in forming 
a high-refractivity film are titanium halides and sulfates for 
titanium oxide film; zirconiumhalides, sulfates, carboxylates, 
oxalates and chelate complexes for zirconium oxide film; cerium 
halides, sulfates, carboxylates and oxalates for cerium oxide 
film; bismuth halides, nitrates and carboxylates for bismuth 
oxide film; and indium halides and sulfates for indium oxide 
film. 

Preferred examples of the materials to be used in forming 
low-ref ractivity film are sodium silicate, water glass, silicon 
halides, and organosilicon compounds such as alkyl silicates 
and their polymers for silicon oxide film; aluminium halides, 
sulfates and chelate complexes for aluminium oxide film; and 
magnesium sulfates and halides for magnesium oxide film. 

For forming a titanium oxide film, for example, titanium 
sulfate may be mixed with titanium chloride, it is effective 
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for forming a rutile-type titanium oxide film having a high 
refractive index at low temperatures. 

The coating reaction temperature may be so controlled 
that it is favorable to the type of the metal salt, and a more 
perfect oxide film may be formed in that controlled condition. 

If the film- forming reaction (solid phase deposition 
reaction) on the surface of the substrate in an aqueous solvent 
is too slow, then the reaction system may be heated to promote 
the solid phase deposition reaction. However, if the system 
is heated too much, then the reaction speed will be too rapid 
and the supersaturated solid phase could not form a film but 
may be deposited in the aqueous solution to give gel or fine 
particles, and in such a case, the film thickness would be 
difficult to control. 

After the coating film has been formed, it is subjected 
to inclined washing with distilled water added thereto, and the 
washing is repeated to remove the electrolyte . Then, the coated 
particles are preferably heat-treated for drying, baking or the 
like to thereby remove water from the solid phase so that the 
coating film could be an absolute oxide film. The film-coated 
powder may be heat-treated in a rotary tube furnace to give 
dispersed particles with preventing them from caking. 

For forming a hydroxide film or an oxide film and for 
heat-treating it, the coated particles may be heat-treated every 
time when one layer is formed thereon, or alternatively, they 
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maybe finally heat-treated after the intended multi-layer film 
has been formed thereon. 

The heat treatment condition varies depending on the 
reaction system. The temperature for the above-mentioned heat 
treatment may fall between 200 and 1300°C, preferably between 
400 and 1100°C. If lower than 200°C, then some salts and water 
may remain; but if higher than 1300<C, then the film may react 
with the substrate to give a different substance, and the two 
are both unfavorable . The heat treatment time may fall between 
0.1 and 100 hours, preferably between 0.5 and 50 hours. 

The coating composition that contains the film-coated 
powder of the invention may be formulated as (1) specific color 
inks or paint-like coating compositions (liquids) , or (2) 
specific color toners, and specific color dry ink-like 
compositions (powders). These are described below. 

(1) As the vehicle for specific color inks or paint-like 
coating compositions (liquids) , usable are any known varnishes 
that are generally used for color prints, color magnetic prints, 
or color magnetic coating compositions. For example, a li quid 
polymer or a polymer or monomer dissolved in an organic solvent 
may be suitably selected and.used, depending on the type of the 
powder, the method of ink application and the use of ink. 

The liquidpolymer includes dienes such as polypentadiene, 
polybutadiene; polyethylene glycols, polyamides, 
polypropylenes, waxes, and their copolymers and modified 
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derivatives. 

The polymer to be dissolved in an organic solvent includes 
olef inic polymers; acrylic resins such as oligoester acrylates; 
polyesters, polyesters, polyamides, polyisocyanates, amino 
acid resins, xylene resins, ketone resins, dienic resins, 
rosin-modified phenolic resins, dienic rubbers, chloroprene 
resins, waxes, and their modified derivatives and copolymers. 

The monomer to be dissolved in an organic solvent includes 
styrene, ethylene, butadiene, propylene. 

The organic solvent includes alcohols such as ethanol, 
isopropanol, normal propanol; ketones such as acetone; benzene, 
toluene, xylene, kerosene, benzine hydrocarbons, esters, ethers, 
and their modified derivatives and copolymers. 

(2) The specific color toners, the specific color dry 
inksandthe specif ic color dry paint-type compositions (powders) 
may be produced by directly kneading the specific color 
multi-layer film-coated powder with resin and optionally with 
a color-toning agent, in a screw-type extruder, a roll mill or 
a kneader, then pre-grinding the resulting mixture with in a 
hummer mill or a cutter mill, then grinding it in a jet mill, 
and classifying it in an elbow jet mill into particles having 
a necessary particle size. The process' gives a powdery cyan 
colorant composition. In a polymerization mode of emulsion 
polymerization or suspension polymerization, the specific color 
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multi-layer film-coated powder may be formulated into a powdery 
specific color coating composition. 

Further, the specific color multi-layer film-coated 
powder may be mixed with additives such as resin and color-toning 
agent and with a solvent by the use of a colloidmill or a three-roll 
mill to give liquid, specific color coating compositions such 
as ink compositions . 

The color-toning agent for brightness increase may be 
awhitepigment (vehicle) , including, forexample, titaniumoxide, 
zinc oxide, tin oxide, silicon oxide, antimony oxide, lead oxide, 
and their composite oxides; as well as carbonates such as calcium 
carbonate, magnesium carbonate, barium carbonate; sulfates such 
as barium sulfate, calcium sulfate; sulfides such as zinc 
sulfate; composite oxides and composite hydrous oxides prepared 
by sintering the above-mentioned oxides, carbonates and 
sulfates. 

For control of color saturation and color hue, and 
especially when used for color reproduction in color mixing for 
full color expression, the color-toning agent may be a blue 
pigment (organic dye, pigment) , including, for example, lake 
dyes and lake pigments such as alkali blue lake, peacock lake, 
peacock lake blue; oil dyes and pigments such as oil blue; alcohol 
dyes such as alcohol blue; phthalocyanine pigments such as 
phthalocyanine, copper phthalocyanine; oxide/sulf ide composite 
pigments such as ultramarine (inorganic pigment) ; copper-based 
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ultramarine prussian blue pigments such as iron blue, milori 
blue; cobalt oxide-based composite oxide blue pigments such as 
cobalt blue, cerulean blue; blue organic dyes and pigments, and 
blue inorganic pigments, for example, lake dyes and lake 
Pigments such as alkali blue lake; phthalocyanine dyes and 
pigments such as metal- free phthalocyanine, copper 
Phthalocyanine: The color-toning agent may also be a green 
pigment, including inorganic pigments, for example, chromium 
oxides and hydrous oxides such as chromium green, zinc green, 
chromium oxide, chromium hydrate (viridian) ; copper oxides such 
as emerald green; cobalt oxides such as cobalt green; as well 
as organic pigments and dyes, for example, nitroso pigments such 
as pigment green, naphthol green; azo pigments such as green 
gold; phthalocyanine pigments such as phthalocyanine green, 
polychrome-copper phthalocyanine; lakes such as malachite green, 
acid green lake; oil dyes and pigments such as oil green; alcohol 
dyes and pigments such as alcohol blue. However, the invention 
should not be limited to only these. 

In addition, when toning withblue, yellow, reddish violet 
or the like pigment or dye is needed for more delicate color 
tone control, then the pigment is preferably added to give the 
optimum specific color. 

When the powdery specific color coating composition is 
produced according to the above-mentioned grinding method (a) , 
the resin to be used includes, not specifically defined, 
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polyamides, epoxy resins, polyesters, melamine resins, 
polyurethanes, polyvinyl acetate resins, silicon resins, and 
polymers or copolymers of acrylates, methacrylates, styrene, 
ethylene, propylene and their derivatives. 

When it is produced according to the polymerizationmethod 
(b) , the polymerization may be started from one or more of esters , 
urethanes, vinyl acetate, organosilicon compound, acrylic acid, 
methacrylic acid, styrene, ethylene, butadiene, propylene and 
the like to give their polymers or copolymers. 

The coating composition that contains the film-coated 
powder of the invention takes a form of (1) specific color inks 
or paint-like compositions (liquids) and (2) specific color 
toners or specific color dry ink-like compositions (powders), 
as so mentioned hereinabove. 

The liquids includes specific color inks and paints, in 
which the color-toning agent and the slowly-drying resin may 
be combined with a solidification promoter, a tackifier for 
viscosity increase, a flowability improver for viscosity 
reduction, and a dispersant for dispersion of particles. 

On the other hands , when the powders are produced according 
to the grinding method (a) , then the color-toning agent and the 
slowly-drying resin may be combined with a solidification 
promoter, a flowability improver for viscosity reduction in 
kneading, a dispersant for dispersion of particles, a charge 
controlling-agent for fixation on paper, wax, etc. 
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When produced according to the polymerization method (b) , 
the composition may contain the above-mentioned color-toning 
agent, a polymerization initiator, a polymerization promoter, 
a tackif ier for viscosity increase, a dispersant for dispersion 
of particles, a charge controlling-agent for fixation on paper, 
wax, etc. 

The color coating composition of the inventionmay contain 
one or more types of multi-layer film-coated powders that differ 
in the spectral properties either singly or as combined, and 
it may be applied to wet or dry color printing systems, or to 
wet or dry color magnetic printing systems. In addition, when 
powders of three primary colors are combined, the resulting 
mixtures may have the function of differentiating six 
combinations of visible light, non-visible light (UV range and 
extracyan range,, fluorescent coloration, magnetic change and 
electric change (electric field change) „ and they are usable 
in other applications that require security functions, for 
example, for color magnetic inks for forgery prevention of 
prints. 

In case where the coating composition of the invention 
isprintedon substrates or appliedontoobjects formelt transfer 
or coating thereon, as a specific color ink, or a paint-like 
composition, or a specific color toner, or a specific color dry 
ink-like composi tion or a speci f i c color dry coating composition, 
the relation between the content of the specific color 
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multi-layer film-coated powder and that of the resin in the 
composition may fall between 1/0 . 5 and 1/15 a s the ratio by volume 
of the two. If the content of the medium in the composition 
is too small, then the coating film could not fix on the coated 
objects; but if too large, then the pigment color is too thin 
and the ink or the coating composition is not good . The relation 
between the amount of the combination of the colorant and the 
resin, and that of the solvent in the color ink or the coating 
compositionmay fall between 1/0. 5 and 1/10 as the ratio by volume 
of the two. If the amount of the solvent is too small, then 
the viscosity of the coating composition will be high and uniform ' 
coating with the composition wouldbe impossible. If the amount 
of the solvent is too large, then drying the coating film will 
take a lot of time and the coating operation efficiency will 
significantly lower. 

The color density of the coating film formed by printing 
the coating composition on subs trates or by applying it to obj ect s 
through melt transfer or coating thereon is determined depending 
on the amount of the pigment fixed on the unit area of the coated 
objects . The amount of the color multi-layer film-coated powder 
of the invention fixed on the coated objects, after dried thereon, 
»ay be from 0.1 to 300 g/m* in terms of the areal density of 
uniform coating, preferably from 0 . 1 to 100 g/m 2 for good coating 
color, when the areal density of the coating composition is 
smaller than the range, then the substrate color may appear; 
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but even when larger than the range, the color density of the 
coated objects would no more change, and it is uneconomical. 
This is because, even when the pigment is fixed on the objects 
to a thickness more than a predetermined level, light could not 
reach the underlying pigment of the coating layer. Such a too 
thick coating film is over the covering power of the coating 
composition, and is ineffective for practicable coating, and 
it is therefore uneconomical. However, this shall not apply 
to intentional thick coating in consideration of abrasion 
resistance of the coating film, and also to partial coating for 
specific designs. 

EXAMPLES 

The invention is describedmore concretely with reference 
to the following Examples. Needless-to-say, however, the 
invention should not be limited to these. 

Example 1 (Coating composition containing large color shift oxide 
film-coated aluminium powder) 

This was so planned that the vertical reflected color 
could be red and the reflected color to 50-degree incident light 
could be blue. 

{Formation of first layer titania film) 

in a separable flask, 50 g of granular aluminium powder 
was dispersed in a liquid that had been previously prepared by 
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adding 17.9 g of titanium isopropoxide to 198.3 g of ethanol, 
and then, with stirring, a solution that had been previously 
prepared by mixing 30.4 g of pure water with 47.9 g of ethanol 
was dropwise added thereto, taking 1 hour . After the addition, 
this was reacted at room temperature for 5 hours. After the 
reaction, this was diluted and washed with enough ethanol, then 
filtered, and dried in a vacuum drier at 110°c for 3 hours to 
obtain a titania-coated granular aluminium powder Al . 

The titanium oxide f ilm~coated powder Al was pale red, 
having a peak wavelength of the reflection spectral curve at 
750 an. 



(Preparation of buffer solution 1) 

0 . 3 mols of potassium chloride and 0 . 3 mols of boric acid 
were dissolved in 1 liter of water to prepare an aqueous solution 
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0.4 mols of sodium hydroxide was dissolved in 1 liter 
of water to prepare an aqueous solution 2. 

The solution 1 and the solution 2 were mixed in a ratio 
by volume of 250/115 to give a buffer solution 1. 
(Formation of second layer silica film) 

3751 g of the buffer solution 1 that had been previously 
prepared and 313 ml of pure water were added to 20 g of the 
silica-coated granular aluminium powder Al, and while 
ultrasonically processed in. an ultrasonic bath at 28 kH* and 
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600 W, this was dispersed in the buffer solution 1 containing 
aluminium power with stirring. 1400 ml of an aqueous sodium 
silicate solution that had been also previously prepared was 
gradually added to it at a rate of 2.67 ml/min and a silica film 
was deposited on the surface of the particles. 

After the addition of the aqueous sodium silicate solution, 
this was further reacted for 2 hours so that the unreacted 
materials were all reacted. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough water and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a drier at 150°c for 8 hours 
to obtain a silica/titania coated granular aluminium powder A2 . 
(Preparation of buffer solution 2) 

0.3 mols of acetic anhydride was dissolved in 1 liter 
of water to prepare an aqueous solution 3. 

0.9 mols of sodium acetate was dissolved in 1 liter of 
water to prepare an aqueous solution 4. 

The aqueous solution 3, the aqueous solution 4 and pure 
water were mixed in a ratio by volume of 50/100/250 to prepare 
a buffer solution 2. 

(Formation of third layer titania film) 

For 20 g of the powder A2, prepared were 5210 g of the 
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buffer solution 2 and 5210 ml of pure water, and A2 was added 
to the mixture of the two and well dispersed in an ultrasonic 
bath while similarly exposed to ultrasonic waves. Next, the 
liquid temperature was kept at 50 to 55°C, and 2110 ml of an 
aqueous titanyl sulfate solution that had been previously 
prepared (Tio 2 concentration was varied to 15wt.%) was gradually 
and dropwise added to it at a constant rate of 1 . 25 ml/min . After 
the addition, this was further reacted for 3 hours and the 
unreacted components were gradually deposited. 

After the film formation, this was repeatedly subjected 
to decantation with enough pure water, and the unreacted 
components, the excess sulfuric acid and the sulfuric acid formed 
through the reaction were removed. Then, this was subjected 
to solid-liquid separation, and dried in a vacuum drier to obtain 
a dry powder. The resulting dry powder was heated (fired) in 
a rotary tube furnace at 650°C for 30 minutes to obtain a 
silica/titania coated granular aluminium powder A3. 

The powder was reddish yellow, and its maximum reflection 
peak was at 667 nm. 

(Formation of fourth layer silica film) 

To 20 g of the silica/titania coated granular aluminium 
powder A3, added were 37 61 ml of the buffer solution 1 that had 
been previously prepared and 320 ml of pure water, like those 
to the first layer, and while exposed to ultrasonic waves in 
an ultrasonic bath at 28 kHz and 600 W/ this was dispersed in 
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the buffer solut ion 1 cont a ining aluminium powder, with stirring. 
1563 ml of aqueous sodium silicate solution that had also been 
previously prepared was gradually added to it at a rate of 2.67 
ml/min, and a silica film was deposited on the surface of the 
particles. 

After the addition of the aqueous sodium silicate solution 
thereto, this was further reacted for 2 hours so that the unreacted 
materials were all reacted. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough water and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a drier at 150°C for 8 hours 
to obtain a silica/titania coated granular aluminium powder A4 . 
(Formation of fifth layer titania film) 

For 40 g of the powder A4, prepared were 3852 ml of the 
buffer solution 2 and 328 ml of pure water, and the powder A4 
was added to the mixture of the two and well dispersed in an 
ultrasonic bath while exposed to ultrasonic waves similarly to 
the step of silica film formation. Next, the liquid temperature 
was kept at 50 to 5S»C, and 1568 ml of an aqueous titanyl sulfate 
solution that had been previously prepared (Tio 2 , 15 wt.S) was 
gradually and dropwise added to it at a constant rate of 1.25 
ml/min. After the addition, thiswas further reactedfor 3hours, 
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and the unreacted components were gradually deposited as 
solid-phase fine particles, and the fine particles were taken 
into the coating film. After the film formation, this was 
repeatedly subjected to decantation with enough pure water, and 
the unreacted components, the excess sulfuric acid and the 
sulfuric acid formed through the reaction were removed. Then, 
this was subjected to solid-liquid separation, and dried in a 
vacuum drier to obtain a dry powder. 

The resulting dry powder was heated (fired) in a rotary 
tube furnace at 650"C for 30 minutes to obtain a silica/titania 
coated granular aluminium powder A. 

The five-layer film-coated powder A was vivid red, and 
its maximum reflection peak was at 718 nm 

The film-coated powders were analyzed for the peak 
wavelength of the reflection spectral curve, the reflectance 
at the peak wavelength, the refractive index of the coating film, 
the film thickness, the peak height (H) , the half-value width 
(W) , and its ratio (H/W) , according to the methods mentioned 
below. 

1) To determine the vertical reflected light of the powder 
color, used was an integrating sphere-having spectrophotometer, 
Nippon Funko's V-570. The spectral reflectance and the color 
temperature were measured according to JISZ8722 (1982) . Apart 
of the sample was processed with focused ion beams and its cross 
section was observed with TEM for actual measurement. 
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2 ) The film thickness was measured according to the method 
described in W096/28269. Briefly, the film thickness was 
optimized through computer simulation and from the waveforms. 

The film thickness of each of the 1st to 5th layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height (H) , the half-value width 
(W) and the ratio (H/W) are shown in Table 1. 
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Table 1 



Coating Layer 


Film 
Thickness 
(nm) 

> V 


Peak 
Wavelength 


rt?dft neiyni 
(H) 


Hair- Value 
Width (W) 


Ratio 
(H/W) 


first layer 
titania film 


112 


780 


38 


64 


0,594 


second layer 
silica film 


150 


- 


- 




- 


third layer 
titania film 


110 


780 


58 


55 


1.05 


fourth layer 
silica film 


160 










fifth layer 
titania film 


111 


787 


70 


49 


1.43 



(Formulation of coating composition) 

The following ingredients were formulated into a coating 
composition in the blend ratio mentioned below. 
Acrylic resin varnish (Acrydic A405) -35 parts by weight 
Epoxy resin varnish (Epon 1001, 10 % solution) 

10 parts by weight 
Melamine resin varnish (Superbeccamine J820) 

5 parts by weight 

Powder a c 

5 parts by weight 

Xylene 

24 parts by weight 

Butyl alcohol 1Q ^ . . 

19 parts by weight 

Cellosolve acetate U49 parfcs fcy we . ght 

Silicone (SF69, 10 % solution) 0 . 01 parts by weight 



The powder A w as added to the solution prepared by mixing 
the above-mentioned xylene, butyl alcohol and silicone, and 
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milled in a high-performance stirrer for 5 minutes, and the 
acrylic resin varnish, the epoxy resin varnish and the melamine 
resin varnish were added to it and fully homogenized. The process 
gave a coating composition A. 
(Evaluation of coated surface) 

Thus obtained, the coating composition A was uniformly 
applied onto an iron plate in a draft equipped with a ventilator .. 
Thus coated, the plate was dried at room temperature, and then 
further dried under heat in a box drier at 160°C for 3 hours. 
This is a coated plate A. 

When seen vertically, the coated plate A was red. When 
inclined by 50 degrees, the plate was blue. 

Example 2 (Oxide film-coated aluminium powder) 

This was so planned that the vertical reflected color 
could be yellow. 

(Formation of first layer silica film) 

3751 g of the buffer solution 1 that had been previously 
prepared and 313 ml of pure water were added to 20 g of tabular 
aluminium powder (mean particle size, 8.5 pm), and while exposed 
to ultrasonic waves in an ultrasonic bath at 28 kHz. and 600 w, 
this was stirred and dispersed in the buffer solution 1 containing 
aluminiumpowder. 1400ml of an aqueous sodium silicate solution 
that had also been previously prepared was gradually added to 
it at a rate of 2.67 ml/min, and a silica film was deposited 
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on the surface of the powder. 

After the addition of the aqueous sodium si lica te solution, 
this was further reacted for 2 hours and the unreacted materials 
were all reacted- 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough water and washed . 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a drier at 150°c for 8 hours, 
and^ then heated in a nitrogen atmosphere at 500 C C to obtain a 
silica-coated granular aluminium powder Bl . 
(Formation of second layer titania film)^ 

For 20 g of the powder Bl, prepared were 5210 g of the 
buffer solution 2 and 5210 ml of pure water, and Bl was added 
to the mixture of the two and well dispersed in an ultrasonic 
bath while exposed to ultrasonic waves. Next, the liquid 
temperature was kept at 50 to 55°C, and 2210 ml of an aqueous 
titanyl sulfate solution that had been previously prepared (Ti0 2 
concentration was varied to 15 wt . %) was gradually and dropwise 
added to it at a constant rate of 1 . 25 ml/min . After the addition, 
this was further reacted for 3 hours and the unreacted components 
were gradually deposited. 

After the film formation, this was repeatedly subjected 
to decantation with enough pure water, and the unreacted 
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components, the excess sulfuric acid and the sulfuric acid formed 
through the reaction were removed. Then, this was subjected 
to solid-liquid separation, and dried in a vacuum drier to obtain 
a dry powder. 

The resulting dry powder was heated (fired) in a rotary 
tube furnace at 650°c for 30 minutes to obtain a silica/titania 
coated granular aluminium powder B2 . 

The powder was reddish yellow, and its maximum reflection 
peak was at 667 nm. 

(Formation of third layer silica film) 

To 20 g of the silica/titania coated granular aluminium 
powder B2, added were 3761 ml of the buffer solution 1 that had 
been previously prepared and 320 ml of pure water, like those 
to the first layer, and while exposed to ultrasonic waves in 
an ultrasonic bath at 28 kHz and 600 W, this was dispersed in 
the buffer solution 1 containingmagnetite powder, with stirring . 
1563 ml of aqueous sodium silicate solution that had also been 
previously prepared was gradually added to it at a rate of 2.67 
ml/min, and a silica film was deposited on the surface of the 
particles . 

After the addition of the aqueous sodium silicate solution 
thereto , this was further reacted for 2 hours so that the unreacted 
materials were all reacted. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 



with enough water and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a drier at 150°C for 8 hours 
to obtain a silica/titania coated granular aluminium powder B3. 
(Formation of fourth layer titania film) 

For 40 g of the powder B3, prepared were 3852 ml of the 
buffer solution 2 and 328 ml of pure water, and the powder B3 
was added to the mixture of the two and well dispersed in an 
ultrasonic bath while exposed to ultrasonic waves similarly to 
the step of silica film formation. Next, the liquid temperature 
was kept at 50 to 55«c, and 812 ml of an aqueous titanyl sulfate 
solution that had been previously prepared (Ti0 2/ 15 wt.%) was 
gradually and dropwise added to it at a constant rate of 1.25 
ml/min. Then, this was reacted for 3 hours for deposition of 
solid-phase fine particles. The unreacted components were 
gradually deposited as solid-phase fine particles, and the fine 
particles were taken into the coating film. 

After the film formation, this was repeatedly subjected 
to decantation with enough pure water, and the unreacted 
components, the excess sulfuric acid and the sulfuric acid formed 
through the reaction were removed. Then, this was subjected 
to solid-liquid separation, and dried in a vacuum drier to obtain 
a dry powder. The resulting dry powder w as heated (fired) in 
a rotary tube furnace at 650«C for 30 minutes to obtain a 
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silica/titania coated granular aluminium powder B4 . 

The four-layer film-coated powder B was vivid green, and 
its maximum reflection peak was at 558 ran 
(Formation of fifth layer of iron suboxide) 

3200 ml of a buffer solution 4 for silica film formation 
and aqueous titania was put in a container, and this was kept 
at 90°C in a water bath. 20 g of B4 was added to it, and well 
stirred and dispersed. 

With stirring, an acidic mixed solution of 45 ml of 0.1 
M ferrous sulfate (4-hydrate) and 4 5 ml of 0.2 M ferric sulfate 
(n-hydrate - n is about 10 . 38 ) was dropwise added to the resulting 
solution at a rate of 0.7 ml/min. After the addition, this was 
further reacted for 2 hours with still stirring. 

After the film formation, this was washed through 
decantation with enough pure water to remove the electrolyte. 
The powder was taken out through solid-liquid separation, and 
dried at 110'C for 8 hours. After thus dried, this was heated 
in a nitrogen atmosphere in a rotary tube furnace at 650°c to 
obtain a silica/titania/hematite-coated granular aluminium 
powder B. 

Thus obtained, the powder B was vivid yellow, having a 
70 % reflection peak at 606 nm. 

The film thickness of each of the 1st to 5th layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height <H), the half-value width 
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(W) and the ratio (H/W) are shown in Table 2. 



Table 2 



Coating Layer 


Film 
Thickness 
(nm) 


Peak 
Wavelength 
(nm) 


Peak Height 
(H) 


Half-Value 
Width (W) 


Ratio 
(H/W) 


first layer 
silica film 


103 










second layer 
titania film 


75 


667 . 


48 


56 


0.857 


third layer 
silica film 


98 










fourth layer 
titania film 


75 


558 


58 


49 


1.18 


fifth layer 
hematite film 


151 | 


606 


70 


44 


1.59 



(Formulation of coating composition} 

The following ingredients were formulated into a coating 
composition in the blend ratio mentioned below. 
Acrylic resin varnish (Acrydic A405) 64 parts by weight 
Melamine resin varnish (Superbeccamine J820) 

28 parts by weight 

Powder B n 

1-5 parts by weight 

Xvlene 

5 parts by weight 
cellosolve acetate x . 4 9 parts by Weight 

Silicone (SF69, 10 % solution) 0 . 01 parts by weight 



The powder B was added to the solution prepared by mixing 
xylene and silicone, and milled in a high-performance stirrer 
for 5 minutes., and the acrylic resin varnish and the melamine 
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resin varnish were added to it and fully homogenized. The process 
gave a coating composition B. 
(Evaluation of coated surface) 

Thus obtained, the coating composition B was uniformly 
applied onto an iron plate in a draft equipped with a ventilator. 
Thus coated, the plate was dried at room temperature, and then 
further dried under heat in a box drier at 160°C for 3 hours- 
This is a coated plate B. 

When seen vertically, the coated plate B was yellow. When 
inclined by 50 degrees, the plate was red-violet. 

Example 3 (Catalyst coating composition with white mica) 

(Formation of first layer titania film) 

20 g of substrate particles of spherical white mica powder 

(mean particle size, 13.3 urn) were well dispersed in 2662 ml 
of the buffer solution 2 in an ultrasonic bath . Next, the liquid 
temperature was kept at 50 to 55°C, and 58 ml of an aqueous titanyl 
sulfate solution that had been previously prepared was gradually 
and dropwise added to it at a constant rate of 1 . 8 ml/min. After 
the addition, this was further reacted for 2 hours to obtain 
a titania-coated white mica powder CI. 
(Formation of second layer silica film) 

1 5 g of the titania-coated white mica powder CI was further 
coated with a silica film. The amount of the buffer solution 
was 3751 ml, and an aqueous sodium silicate solution was dropwise 
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added to it at a rate of 40 ml/min so as to form a coating film. 
This was reacted for 2 hours until any unreacted matter did not 
remain therein, and washed in the same manner as above. After 
the washing, this was heated (fired) in a nitrogen atmosphere 
in a rotary tube furnace at 500°c for 30 minutes to obtain a 
silica/titania coated white mica powder C2 having a tight titania 
film. 

(Formation of third layer titania film) 

For 15 g of the powder C2, prepared were 5210 g of the 
buffer solution 2 and 5210 ml of pure water, and C2 was added 
to the mixture of the two and well dispersed in an ultrasonic 
bath with stirring. Next, the liquid temperature was kept at 
50 to 55°c, and 2110 ml of an aqueous titanyl sulfate solution 
that had been previously prepared (Ti0 2 , 15 wt.%) was gradually 
and dropwise added to it at a constant rate of 1.25 ml/min. 

After the addition, this was further reacted for 3 hours, 
and the unreacted components were completely deposited. 

After the film formation, this was repeatedly subjected 
to decantation with enough pure water, and the unreacted 
components, the excess sulfuric acid and the sulfuric acid formed 
through the reaction were removed. Then, this was subjected 
to solid-liquid separation, and dried in a vacuum drier to obtain 
a dry powder. The resulting dry powder was heated (fired) in 
a rotary tube furnace at 350°C for 30 minutes to obtain a 
silica/titania coated white mica powder c3. 



The three-layer film-coated powder C3 was reddish, and 
its maximum reflection peak was at 787 nm. 

The film thickness of each of the 1st to 3rd layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height (H) , the half-value width 
(W) and the ratio (H/W) are shown in Table 3. 



Table 3 



Coating Layer 


Film 
Thickness 
(nm) 


Peak 
Wavelength 
(nm) 


Peak Height 
(H) 


Half-Value 
Width (W) 


I Ratio 
(H/W) 


first layer 
titania film 


112 


780 


38 


64 


0.593 


second layer 
silica film 


150 










third layer 
titania film 


111 


787 


60 


55 


1.09 



(Formulation of coating composition) 

The following ingredients were formulated into a coating 
composition in the blend ratio mentioned below. 
Powder C 

91 parts by weight 

Zinc linseed oil n Q • . 

0.9 parts by weight 

Soybean stand oil R , ^ _ . 

o.l parts by weight 



The above-mentioned zinc linseed oil and soybean stand 
oil were mixed, and the powder C3 was added to it little by little, 
and homogenized to obtain a stiff paste coating composition C. 
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(Evaluation of coated surface) 

Thus obtained, the coating composition C was uniformly 
applied onto an iron plate in a draft equipped with a ventilator. 
Thus coated, the plate was dried at room temperature, and then 
further dried under heat in a box drier at 160°C for 3 hours. 
This is a coated plate C. 

When seen vertically, the coated plate c was red. when 
inclined by 50 degrees, the plate was blue. 

Example 4 (Coating composition containing large color shift oxide 
film-coated tabular iron powder) 

This was so planned that the vertical reflected color 
could be gray and the reflected color to 30-degree incident light 
could be green. 

(Formation of first layer titania film) 

in a separable flask, 20 g of tabular iron powder (mean 
particle size, 15 microns) was dispersed in a liquid that had 
been previously prepared by adding 17.9 g of titanium 
isopropoxide to 198.3 g of ethanol, and then, with stirring, 
a solution that had been previously prepared by mixing 30.4 g 
of pure water with 47.9 g of ethanol was dropwise added thereto, 
taking 1 hour. After the addition, this was reacted at room 
temperature for 5 hours. After the reaction, this was diluted 
and washed with enough ethanol, then filtered, and dried in a 
vacuum drier at UO'C for 3 hours to obtain a titania-coated 
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tabular iron powder Dl . 

The titanium oxide film-coated powder Dl was red-violet, 
having a peak wavelength of the reflection spectral curve at 
390 mn and 787 nm. 
(Preparation of buffer solution 1) 

0.3 mols of potassium chloride and 0.3 mols of boric acid 
were dissolved in 1 liter of water to prepare an aqueous solution 
1. 

0.4 mols of sodium hydroxide was dissolved in l liter 
of water to prepare an aqueous solution 2. 

The solution 1 and the solution 2 were mixed in a ratio 
by volume of 250/115 to give a buffer solution 1. 
(Formation of second layer silica film) 

3751 g of the buffer solution 1 that had been previously 
prepared and 313 ml of pure water were added to 20 g of the 
titania-coated tabular iron powder Dl, and while ultrasonically 
processed in an ultrasonic bath at 28 kHz and 600 W, this was 
dispersed in the buffer solution 1 containing iron power with 
stirring. 1400 ml of an aqueous sodium silicate solution that 
had been also previously prepared was gradually added to it at 
a rate of 2.67 ml/min and a silica film was deposited on the 
surface of the particles. 

After the additionof the aqueous sodiumsilicate solution, 
this was further reacted for 2 hours so. that the unreacted 
materials were all reacted. 
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After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough water and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a drier at lSO^C for 8 hours 
to obtain a silica/titania coated tabular iron powder D2. 
(Formation of third layer titania film) 
(Preparation of buffer solution 2) 

0.3 mols of acetic anhydride was dissolved in 1 liter 
of water to prepare an aqueous solution 3. 

0.9 mols of sodium acetate was dissolved in 1 liter of 
water to prepare an aqueous solution 4 . 

The aqueous solution 3, the aqueous solution 4 and pure 
water were mixed in a ratio by volume of 50/100/250 to prepare 
a buffer solution 2. 

(Preparation of aqueous titanium sulfate solution) 

Titanium sulfate was added to water so that the Ti0 2 
concentration could be 10 wt.%, and its concentration was 
controlled to prepare an aqueous titanium sulfate solution. 
(Formation of titania film) 

For 5.5 g of the powder D2, prepared was 250 ml of the 
buffer solution 2 (pH 4 . 1 ) , and D2 was added to the buffer solution 
2 and well dispersed in an ultrasonic bath. Next, the liquid 
temperature was kept at 50 to 55*C, and 57 ml of the aqueous 
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titanium sulfate solution that had been previously prepared was 
dropwise added to it at a rate of 1.5 ml/min, and the unreacted 
components were gradually deposited, (washing and drying) 

After the film formation, this was repeatedly subjected 
to decantation with pure water, and the unreacted components, 
the excess sulfuric acid and the sulfuric acid formed through 
the reaction were removed. Then, this was subjected to 
solid-liquid separation, and dried in a vacuum drier to obtain 
a dry powder. The resulting dry powder was heated (fired) in 
a rotary tube furnace at 650°c for 30 minutes to obtain a smooth 
surface-having, silica/titania coated granular aluminium 
powder D3. 

The three-layer film-coated powder D3 was red-violet, 
having a maximum reflection peak at 388 nm and 778 nm. 
(Formation of fourth layer silica film) 

To 20 g of the silica/titania coated tabular iron powder 
D3, added were 3751 g of the buffer solution 1 and 320 ml of 
pure water, like those to the second layer, and while exposed 
to ultrasonic waves in an ultrasonic bath at 28 kHz and 600 W, 
this was dispersed in the buffer solution 1 containing iron powder, 
with stirring. 1400 ml of aqueous sodium silicate solution that 
had also been previously prepared was gradually added to it at 
a rate of 2.67 ml/min, and a silica film was deposited on the 
surface of the particles. 
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After the addition of the aqueous sodium silicate solution 
thereto, this was further reacted for 2 hours so that the unreacted 
materials were all reacted. 

After the film formation, the silica/titania film-coated 
powder-containing slurry was subjected to repeated decant ation 
with enough water and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a drier at 150°C for 8 hours 
to obtain a silica/titania coated tabular iron powder D4. 
(Formation of fifth layer titania film) 

For 5.5 g of the powder D4, prepared were 250 ml of the 
buffer solution 2 (pH « . 1 , , and D4 was added to the buffer solution 
2 and well dispersed in an ultrasonic bath. Next, the liquid 
temperature was kept at 50 to 55*C, and 57 ml of the aqueous 
titanium sulfate solution that had been previously prepared was 
dropwise added to it at a rate of 1.5 ml/min, and the unreacted 
components were gradually deposited. After the film formation, 
this was repeatedly subjected to decantation with pure water, 
and the unreacted components, the excess sulfuric acid and the 
sulfuric acid formed through the reaction were removed. Then, 
this was subjected to solid-liquid separation, and dried in a 
vacuum drier to obtain a dry powder . The resulting dry powder 
was heated (fired, in a rotary tube furnace at 650°c for 30 minutes 
to obtain a smooth surfaces-having, silica/titania coated tabular 
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iron powder 

The five-layer film-coated powder D was gray, having a 
maximum reflection peak at 392 nm and 557 nra. 

The film thickness of each of the 1st to 5th layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height (H) , the half-value width 
(W) and the ratio (H/W) are shown in Table 4. 



Table 4 



Coating Layer 


Film 
Thickness 
(nm) 


Peak 
Wavelength 
(nm) 


Peak Height 
(H) 


Half-Value 
Width (W) 


Ratio 

(H/W) ! 


first layer 
titania film 


50 


390 


33 


43 


0.767 


second layer 
silica film 


99 










third layer 
titania film 


82 


388 


44 


43 


1.02 


fourth layer 
silica film 


103 










fifth layer 
titania film 


148 


392 


61 


27 


2.4 



(Formation of coating liquid) 

15 g of the powder D was dispersed in 100 ml of a xylene 
solution containing 5 % acrylic resin, and applied onto art paper 
with a blade coater. 

The art paper was patternwise cut, and attached onto 
another art paper, and the pattern was colorless gray when seen 
from its top. 
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However, when the coated paper-stuck paper was inclined 
by 30 degrees, it became green. When inclined by 60 degrees, 
the incident light was red-violet. Finally, when it was again 
set vertically, it was colorless gray. 

This will be because of the following reasons: 
Red-violet at around 390 nm is just complementary to green at 
557 nm, and combining the two give a colorless appearance. 
However, when inclined in some degree, red-violet at around 390 
nm disappears from the visible range and, at the same time, green 
appears in the visible range. When further inclined, green 
disappears, and when inclined sufficiently, the green peak may 
disappear, and the next red- violet peak may appear from the 
infrared range. 

Example 5 (Coating composition containing large color shift oxide 
film-coated tabular iron powder) 

This was so planned that the vertical reflected color 
could be green and the 50-degree incident light could be red. 
(Formation of first layer silica film) 

in a separable flask, 22 g of tabular iron powder (mean 
particle size, 15 microns) was dispersed in a liquid that had 
been previously prepared by adding 10.7 g of silicon ethoxide 
to 198.3 g of ethanol, and then, with stirring, a mixed solution 
of 10.7 g of aqueous ammonia (29 %) and 8,8 g of pure water that 
hadbeen previously prepared was added to it . After the addition, 
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this was reacted at room temperature for 5 hours. After the 
reaction, this was diluted and washed with enough ethanol, then 
filtered, and dried in a vacuum drier at 110°C for 3 hours to 
obtain a dry powder . The resulting dry powder was heated { fired ) 
in a rotary tube furnace at 650°C for 30 minutes to obtain a 
silica-coated tabular iron powder El. 
(Formation of second layer titania film) 

In a separable flask, 22 g of the silica-coated tabular 
iron powder El was dispersed in a liquid that had been previously 
prepared by adding 17.9 g of titanium isopropoxide to 198.3 g 
of ethanol, and then, with stirring, a solution that had been 
previously prepared by mixing 30,4 g of pure water with 47,9 
g of ethanol was dropwise added thereto, taking 1 hour. After 
the addition, this was reacted at room temperature for 5 hours. 
After the reaction, this was diluted and washed with enough 
ethanol, then filtered, and dried in a vacuum drier at 110°C 
for 3 hours to obtain a silica/titania coated tabular iron powder 
E2. 

E2 was dark green, having a peak wavelength of the 
reflection spectral curve at 540 ran. 
(Preparation of buffer solution 1) 

0.3 mols of potassium chloride and 0.3 mols of boric acid 
were dissolved in 1 liter of water to prepare an aqueous solution 
1 . 
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0.4 mols of sodium hydroxide was dissolved in 1 liter 
of water to prepare an aqueous solution 2 . 

The solution 1 and the solution 2 were mixed in a ratio 
by volume of 250/115 to give a buffer solution l. 
(Formation of third layer silica film) 

3751 g of the buffer solution 1 that had been previously 
prepared and 313 ml of pure water were added to 20 g of the 
silica/ titania coated tabular iron powder E2, and while 
ultrasonically processed in an ultrasonic bath at 28 kHz and 
600 W, this was dispersed in the buffer solution 1 containing 
iron power with stirring. 1400 ml of an aqueous sodium silicate 
solution that had been also previously prepared was gradually 
added to it at a rate of 2 . 67 ml/min and a silica film was deposited 
on the surface of the particles. 

After the addition of the aqueous sodium silicate solution, 
this was further reacted for 2 hours so that the unreacted 
materials were all reacted. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough water and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a drier at 150°C for 8 hours 
to obtain a silica/titania coated tabular iron powder E3. 
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(Preparation of buffer solution 2) 

0.3 mols of acetic anhydride was dissolved in 1 liter 
of water to prepare an aqueous solution 3. 

0.9 mols of sodium acetate was dissolved in 1 liter of 
water to prepare an aqueous solution 4 . 

The aqueous solution 3, the aqueous solution 4 and pure 
water were mixed in a ratio by volume of 50/100/250 to prepare 
a buffer solution 2. 

(Formation of fourth layer titania film) 

For 22 g of the powder E3, prepared were 5210 g of the 
buffer solution 2 and 5210 ml of pure water, and E3 was added 
to the mixture of the two and well dispersed in an ultrasonic 
bath while similarly exposed to ultrasonic waves. Next, the 
liquid temperature was kept at 50 to 55°C, and 2110 ml of an 
aqueous titanyl sulfate solution that had been previously 
prepared (Tio* concentration was varied to 15 wt . « } was gradually 
and dropwise added to it at a constant rate of 1 . 25 ml/min . After 
the addition, this was further reacted for 3 hours and the 
unreacted components were gradually deposited. 

After the film formation, this was repeatedly subjected 
to decantation with enough pure water, and the unreacted 
components, the excess sulfuric acid and the sulfuric acid formed 
through the reaction were removed. Then, this was subjected 
to solid-liquid separation, and dried in a vacuum drier to obtain 
a dry powder. The resulting dry powder was heated (fired) in 
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a rotary tube furnace at 650°c for 30 minutes to obtain a 
silica/titania coated tabular iron powder E. 

The powder was green, and its maximum reflection peak 
was at 543 nm. 

The film thickness of each of the 1st to 4th layers, the 
peak wavelength of the reflection spectral curve of the 
film^coated powder, the peak height (H) , the half-value width 
(W) and the ratio (H/W) are shown in Table 5. 



Table 5 



Coating Layer 


Film 
Thickness 
(nm) 


Peak 
Wavelength 
frm) 


Peak Height 
(H) 


Half-Value 
Width (W) 


Ratio 
(H/W) 


first layer 
silica film 


75 










second layer 
titania film 


55 


540 


35 


44 


0.795 


third layer 
silica film 


75 










fourth layer 
titania film 


70 


543 


51 


23 


2.22 



(Formation of coating liquid) 

A coating liquid E was produced in the blend ration 
mentioned below. 
Powder E 

43 parts by weight 
Resin solution PAM (SP-67) (by Mitsui Toatsu Chemical) 
(containing 20 % amine-type resin) 4 0 parts by weight 

Pure water ' • , . 

13 parts by weight 
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The powder E was put into the resin solution, and with 
stirring, pure water was added to it to produce the coating liquid 
EL. 

(Coating) 

The coating liquid EL was uniformly appliedonto art paper, 
and the coating amount of the powder was 51 g/m2 . Seen vertically, 
the coated paper was green, and its maximum reflection peak was 
at 560 nm. Seen at an angle of 50 degrees, the coated paper 
was red. 



Example 6 (Red-violet powder with iron powder) 

This was so planned that the vertical reflected color 
could be red-violet. 

(Formation of first layer silica film) 

In a separable flask, 30 g of tabular iron powder (mean 
particle size, 15 microns) was added to and dispersed in an 
ethanol-mixed solution that had been prepared by mixing 196 g 
of ethanol, 10 g of pure water and 10 g of ammonia, by the use 
of an ultrasonic disperser for 5 minutes. Then, with stirring 
with a stirrer, 6 g of tetraorthosilicate (TEOS) was added to 
it and reacted for 5 hours. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough alcohol and washed. 
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After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a vacuum drier at 150°C for 
8 hours, and then heated in a rotary tube furnace at 650°C for 
30 minutes and cooled to obtain a silica-coated iron powder Fl . 
(Formation of second layer titania film) 

In a separable flask, 30 g of the silica-coated iron powder 
Fl was dispersed in a liquid that had been previously prepared 
for it by adding 17.9 of titanium isopropoxide to 198.3 g of 
ethanol, and, with stirring, a solution that had been previously 
prepared by mixing 30.4 g of pure water with 47.9 g of ethanol 
was dropwise added to it, taking 1 hour. After the addition, 
this was reacted at room temperature for 4 hours. After the 
reaction, this was diluted and washed with enough ethanol, 
subjected to solid-liquid separation, dried in a vacuum drier 
at 110°C for 3 hours, then heated in a rotary tube furnace at 
650°C for 30 minutes, and then cooled to obtain a titania/silica 
coated iron powder F2 . 

F2 had a cyan color and its peak wavelength of the 
reflection spectrum curve was 455 nm. 
(Formation of third layer silica film) 

30 g of the titania/silica coated iron powder F2 was 
dispersed in an ethanol-mixed solution that had been prepared 
by mixing 196 g of ethanol, 10 g of pure water and 10 g of ammonia, 
by the use of an ultrasonic disperser for 5 minutes . Then, with 
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stirring with a stirrer, 6 g of tetraorthosilicate (TEOS) was 
added to it and reacted for 5 hours. 

After the film formation,, the titania/silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough alcohol and washed. 

After the washing, the titania/silica film-coated powder 
was put into a vat, sedimented and separated, and the supernatant 
was removed. This was dried in air in a vacuum drier at I50°c 
for 8 hours, and then heated in a rotary tube furnace at 650°C 
for 30 minutes and cooled to obtain a silica-coated iron powder 
F3. 

(Formation of fourth layer titania film) 

In a separable flask, 30 got the silica-coated iron powder 
F3 was dispersed in a liquid that had been previously prepared 
for it by adding 22 g of titanium isopropoxide to 198.3 g of 
ethanol, and, with stirring, a solution that had been previously 
prepared by mixing 30.4 g of pure water with 47.9 g of ethanol 
was dropwise added to it, taking 1 hour. After the addition, 
this was reacted at room temperature for 4 hours. After the 
reaction, this was diluted and washed with enough ethanol, 
subjected to solid-liquid separation, dried in a vacuum drier 
at 110°c for 3 hours, then heated in a rotary tube furnace at 
650°C for 30 minutes, and then cooled to obtain a titania/silica 
coated iron powder F4 . F4 was green, having a peak wavelength 
of the reflection spectrum curve at 450 nm. 
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(Formation of fifth layer titania film) 

In a separable flask, 30 g of the ti tania/silica coated 
iron powder F4 was dispersed in a liquid that had been previously 
prepared for it by adding 22 g of titanium isopropoxide to 198. 3 
g of ethanol, and, with stirring, a solution that had been 
previously prepared by mixing 30.4 g of pure water with 47.9 
g of ethanol was dropwise added to it, taking 1 hour. After 
the addition, this was reacted at room temperature for 4 hours . 
After the reaction, this was diluted and washed with enough 
ethanol, subj ected to solid-liquid separation, dried in a vacuum 
drier at 110°C for 3 hours, then heated in a rotary tube furnace 
at 650°c for 30 minutes, and then cooled to obtain a powder FS. 

F5 was a red-violet powder, having. a peak wavelength of 
the reflection spectrum curve at 382 nm and 821 nm and having 
a valley at 356 nm, 556 nm and 900 nm. The magnetization of 
F5 at 10 kOe was 170 emu/g. 

The film thickness of each of the 1st to 5th layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height (H) , the half-value width 
(W) and the ratio (H/W) are shown in Table 6. 
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Table 6 



Coating 
Layer 


Film 
Thickness 
(nm) 


Wavelength 


reaK neignt 
(H) 


Half-Value 
Width (W) 


Ratio 
(H/W) 


first layer 
silica film 


81 




- 


- 


- 


second layer 
titania film 


56 


455 


40 


40 


1.0 


third layer 
silica film 


88 










fourth layer 
titania film 


55 


450 


65 


33 


1.97 


fifth layer 
titania film 


49 


382 


71 


30 


2.37 



Example 7 (Red-violet powder 1 with granular iron powder) 

This was so planned that the vertical reflected color 
could be red-violet. 

(Formation of first layer silica film) 

in a separable flask, 20 g of granular carbonyl iron powder 
(mean particle size, 1.8 microns) was added to and dispersed 
in an ethanol-mixed solution that had been prepared by mixing 
196 g of ethanol, 10 g of pure water and 10 g of ammonia, by 
the use of an ultrasonic disperser for 5 minutes. Then, with 
stirring with a stirrer, 6 g of tetraorthosilicate (TEOS) was 
added to it and reacted for 5 hours. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough alcohol and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
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removed. This was dried in air in a vacuum drier at 150°C for 
8 hours, and then heated in a rotary tube furnace at 650*0 for 
30 minutes and cooled to obtain a silica-coated iron powder Gl . 
(Formation of second layer titania film) 

In a separable flask, 20 g of the silica-coated iron powder 
Gl was dispersed in a liquid that had been previously prepared 
for it by adding 17.9 g of titanium isopropoxide to 198.3 g of 
ethanol, and, with stirring, a solution that had been previously 
prepared by mixing 30.4 g of pure water with 47.9 g of ethanol 
was dropwise added to it, taking 1 hour. After the addition, 
this was reacted at room temperature for 4 hours. After the 
reaction, this was diluted and washed with enough ethanol, 
subjected to solid-liquid separation, dried in a vacuum drier 
at iio-c for 3 hours, then heated in a rotary tube furnace at 
650°C for 30 minutes, and then cooled to obtain a titania/silica 
coated iron powder G2. 

G2 had a cyan color and its peak wavelength of the 
reflection spectrum curve was 4 51 nre. 
(Formation of third layer silica film) 

20 g of the titania/silica coated iron powder G2 was 
dispersed in an ethanol-mixed solution that had been prepared 
by mixing 196 g of ethanol, 10 g of pure water and 10 g of ammonia, 
by the use of an ultrasonic disperser for 5 minutes . Then, with 
stirring with a stirrer, 6 g of tetraorthosilicate (TEOS) was 
added to it and reacted for 5 hours. 
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After the film formation, the silica film-coated 
powder- containing slurry was subjected to repeated decantation 
with enough alcohol and washed. 

After the washing, the titania/silica film-coated powder 
was put into a vat, sedimented and separated, and the supernatant 
was removed. This was dried in air in a vacuum drier at 150°C 
for 8 hours, and then heated in a rotary tube furnace at 650°c 
for 30 minutes and cooled to obtain a silica-coated iron powder 
G3. 

(Formation of fourth layer titania film) 

in a separable flask, 20 g of the titania/silica coated 
iron powder G3 was dispersed in a liquid that had been previously 
prepared for it by adding 22 g of titanium isopropoxide to 198.3 
g of ethanol, and, with stirring, a solution that had been 
previously prepared by mixing 30.4 g of pure water with 47.9 
g of ethanol was dropwise added to it, taking 1 hour. After 
the addition, this was reacted at room temperature for 4 hours. 
After the reaction, this was diluted and washed with enough 
ethanol, subjected to solid-liquid separation, dried in a vacuum 
drier at 110°c for 3 hours, then heated in a rotary tube furnace 
at 650°C for 30 minutes, and then cooled to obtain a titania/silica 
coated iron powder G4 . 

G4 was green, having a peak wavelength of the reflection 
spectrum curve at 450 nm. 



95 



(Formation of fifth layer titania film) 

in a separable flask, 20 g of the titania/silica coated 
iron powder G4 was dispersed in a liquid that had been previously 
prepared for it by adding 22 g of titanium isopropoxide to 198.3 
g of ethanol, and, with stirring, a solution that had been 
previously prepared by mixing 30.4 g of pure water with 47.9 
g of ethanol was dropwise added to it, taking 1 hour. After 
the addition, this was reacted at room temperature for 4 hours . 
After the reaction, this was diluted and washed with enough 
ethanol, subjected to solid-liquid separation, dried in a vacuum 
drier at 110°C for 3 hours, then heated in a rotary tube furnace 
at 650°c for 30 minutes, and then cooled to obtain a powder G5. 

The titanium oxide film was red-violet, having a peak 
wavelength of the reflection spectrum curve at 380 nm and 820 
nm and having a valley at 355 nm, 556 nm and 902 nm. The 
magnetization of the powder G5 at 10 koe was 140 emu/g. 

The film thickness of each of the 1st to 5th layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height (H) , the half -value width 
(W> and the ratio (h/W) are shown in Table 7. 
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Table 7 



Coating Layer 


Film 
Thickness 
(nm) 


Peak 
Wavelength 
(nm) 


Peak Height 
(H) 


Half-Value 
Width (W) 


Ratio 

(H/W) j 


first layer 
silica fjfm 


81 











second layer 
titania film 


55 


451 


40 


40 


1.0 


third layer 
silica film 


88 










fourth layer 
titania film 


55 


450 


65 


33 


1.97 


fifth layer ] 
titania film 


49 


360 


71 


30 


2.37 



(Method for fabricating forgery-preventing discriminator) 

15 g of the powder G5 was kneaded in 10 ml of aqueous 
polymethacrylamine solution (100 ml/liter) to prepare an 
ink-like composition LF. 

Using Riso Kagaku' s PG1 0 , a pattern 1 was printed to obtain 
a printed matter PF for discrimination. 

Next, 15 g of the powder G5 was kneaded in 10 ml of aqueous 
polymethacrylamine solution (100 ml/liter) to prepare an 
ink-like composition LG. 

Using Riso Kagaku' s PG10, a pattern "A" was printed with 
the ink-like composition LG, and an area around it was printed 
with LF to obtain a printed matter PF for discrimination. 

When seen vertically, the overall surface of the printed 
matter PF was wholly red-violet; but when the viewing angle was 
changed and when this was seen at an inclined angle of 30 degrees, 
then the letter -A" changed to green, and the area around it 
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was still red-violet. 

In that manner, the truth of the printed matter could 
be readily checked with the naked eye. 

When the printed part "A" was scanned with a magnetic 
head, then the printed part ""A" gave a strong reaction. In 
addition, when Pip Fujimoto's medical magnet having a surface 
magnetic flux density of 3000G was brought close to it, then 
the printed part was attracted by its magnetic force. 

Example 8 (silver-coated yellow-green powder with iron powder) 
This was so planned that the vertical reflected color 
could be yellow-green. 
(Formation of first layer silica film) 

In a separable flask, 30 g of tabular iron powder (mean 
particle size, 15 microns) was added to and dispersed in an 
ethanol-mixed solution that had been prepared by mixing 196 g 
of ethanol, 10 g of pure water and 10 g of ammonia, by the use 
of an ultrasonic disperser for 5 minutes. Then, with stirring 
with a stirrer, 6 g of tetraorthosilicate (TEOS) was added to 
it and reacted for 5 hours. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough alcohol and washed. 

After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
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removed. This was dried in air in a vacuum drier at ISO'C for 
8 hours, and then heated in a rotary tube furnace at 650*C for 
30 minutes and cooled to obtain a silica-coated iron powder HI . 
(Formation of second layer titania film) 

in a separable flask, 30 g of the silica-coated iron powder 
HI was dispersed in a liquid that had been previously prepared 
for it by adding 17.9 g of titanium isopropoxide to 198.3 g of 
ethanol, and, with stirring, a solution that had been previously 
prepared by mixing 30.4 g of pure water with 47.9 g of ethanol 
was dropwise added to it, taking l hour. After the addition, 
this was reacted at room temperature for 4 hours. After the 
reaction, this was diluted and washed with enough ethanol, 
subjected to solid-liquid separation, dried in a vacuum drier 
at 110°c for 3 hours, then heated in a rotary tube furnace at 
650'C for 30 minutes, and then cooled to obtain a titania/silica 
coated iron powder H2. 

H2 had a cyan color and its peak wavelength of the 
reflection spectrum curve was 455 nm. 
(Formation of third layer silica film) 

30 g of the titania/silica coated iron powder H2 was 
dispersed in an ethanol-mixed solution that had been prepared 
by mixing 196 g of ethanol, 10 g of pure water and 10 g Qf 
by the use of an ultrasonic disperser for 5 minutes . Then, with 
stirring with a stirrer, 6 g of tetraorthosilicate (TEOS) was 
added to it and reacted for 5 hours. 
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After the film formation, the titania/silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough alcohol and washed. 

After the washing, the titania/silica film-coated powder 
was put into a vat, sediment ed and separated, and the supernatant 
was removed. This was dried in air in a vacuum drier at 150°c 
for 8 hours, and then heated in a rotary tube furnace at 650°C 
for 30 minutes and cooled to obtain a silica-coated iron powder 
H3. 

(Formation of fourth layer titania film) 

In a separable flask, 30 g of the titania/silica coated 
iron powder H3 was dispersed in a liquid that had been previously 
prepared for it by adding 22 g of titanium isopropoxide to 198.3 
g of ethanol, and, with stirring, a solution that had been 
previously prepared by mixing 30.4 g of pure water with 47.9 
g of ethanol was dropwise added to it, taking 1 hour. After 
the addition, this was reacted at room temperature for 4 hours. 
After the reaction, this was diluted and washed with enough 
ethanol, subjected to solid-liquid separation, dried in a vacuum 
drier at 110»c for 3 hours, then heated in a rotary tube furnace 
at 650°c f or 30minutes , and then cooled to obtain a titania/silica 
coated iron powder H4. 

H4 had a cyan color, and its peak wavelength of the 
reflection spectrum curve was 450 nm. 
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(Formation of fifth layer titania film) 

In a separable flask, 20 g of the titania/silica coated 
iron powder H4 was dispersed in a liquid that had been previously 
prepared for it by adding 22 g of titanium isopropoxide to 198 .3 
g of ethanol, and, with stirring, a solution that had been 
previously prepared by mixing 30.4 g of pure water with 47.9 
g of ethanol was dropwise added to it, taking 1 hour. After 
the addition, this was reacted at room temperature for 4 hours. 
After the reaction, this was diluted and washed with enough 
ethanol, subjected to solid-liquid separation, dried in a vacuum 
drier at 110°C for 3 hours, then heated in a rotary tube furnace 
at 650°C for 30 minutes, and then cooled to obtain a powder H5. 
(Formation of sixth layer silver film) 

4 g of tartaric acid and 45 g of glucose were dissolved 
in 1 liter of pure water with heating, and the resulting solution 
was further heated and boiled for 5 minutes. Then, this was 
left cooled, and after reached room temperature, this was mixed 
with 100 ml of ethanol and homogenized, and stored in a dark 
for 5 days to give a reducing solution. 

2 g of silver nitrate was dissolved in 60 ml of pure water, 
and aqueous ammonia (29 % solution) was added to it, and silver 
oxide was thereby deposited. Ammonia was further added to it 
and completely dissolved. Then, an aqueous solution that had 
been previously prepared by dissolving 1 . 4 g of sodium hydroxide 
in 60 ml of pure water was added to it so as to deposit silver 
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oxide . Ammonia was further added to it and completely dissolved 
to give a silver solution. 

The powder H5 was dispersed in the silver solution, and 
with stirring, 20 ml of the above-mentioned reducing solution 
was put into it, and reacted for 30 minutes . After the reaction, 
this was washed through decantation and then subjected to 
solid-liquid separation, and dried in a vacuum drier at 250°C 
for 8 hours. 

After thus dried, an yellow-green powder H6 was obtained 
having a peak at 588 nm. 

The film thickness of each of the 1st to 6th layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height (H) , the half-value width 
(W) and the ratio (H/W) are shown in Table 8. 
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Table 8 



Coating Layer 


Film 

Thickness 

(nm) 
\ / 


Peak 
Wavelength 


reaiv neiynx 
(H) 


Ma If- Value 
Width (W) 


Ratio 
(H/W) 


first layer 
silica film 


81 




- 


- 


- 


second layer 
titania film 


56 


455 


40 


40 


1.00 


third layer 
silica film 


88 




- 


- 


- 


fourth layer 
titania film 


55 


450 


65 


33 


1.97 


fifth layer 
titania film 


49 


382 


71 


30 


2.37 


sixth layer 
silver layer 


25 


588 


72 


28 


2.57 



Example 9 {yellow-green powder 2 with spherical iron powder) 
This was so planned that the vertical reflected color 
could be yellow-green. 

(Formation of first layer silica film) 

In a separable flask, 20 g of granular carbonyl iron powder 

(mean particle size, 1.8 microns) was added to and dispersed 
in an ethanol-mixed solution that had been prepared by mixing 
196 g of ethanol, 10 g of pure water and 10 g of ammonia, by 
the use of an ultrasonic disperser for 5 minutes. Then, with 
stirring with a stirrer, 6 g of tetraorthosilicate (TEOS) was 
added to it and reacted for 5 hours. 

After the film formation, the silica film-coated 
powder-containing slurry was subj ected to repeated decantation 
with enough alcohol and washed. 
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After the washing, the silica film-coated powder was put 
into a vat, sedimented and separated, and the supernatant was 
removed. This was dried in air in a vacuum drier at 150°C for 
8 hours, and then heated in a rotary tube furnace at 650°C for 
30 minutes and cooled to obtain a silica-coated iron powder II. 
(Formation of second layer titania film) 

In a separable flask, 20 g of the silica-coated iron powder 
11 was dispersed in a liquid that had been previously prepared 
for it by adding 17.9 g of titanium isopropoxide to 198.3 g of 
ethanol, and, with stirring, a solution that had been previously 
prepared by mixing 30.4 g of pure water with 47.9 g of ethanol 
was dropwise added to it, taking 1 hour. After the addition, 
this was reacted at room temperature for 4 hours . After the 
reaction, this was diluted and washed with enough ethanol, 
subjected to solid-liquid separation, dried in a vacuum drier 
at 110°c for 3 hours, then heated in a rotary tube furnace at 
650°C for 30 minutes, and then cooled to obtain a titania/silica 
coated iron powder 12. 

The titanium oxide film had a cyan color and its peak 
wavelength of the reflection spectrum curve was 451 nm. 
{Formation of third layer silica film) 

20 g of the titania/silica coated iron powder 12 was 
dispersed in an ethanol-mixed solution that had been prepared 
by mixing 196 g of ethanol, 10 g of pure water and 10 g of ammonia, 
by the use of an ultrasonic disperser for 5 minutes . Then, with 
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stirring with a stirrer, 6 g of tetraorthosilicate (TEOS) was 
added to it and reacted for 5 hours. 

After the film formation, the silica film-coated 
powder-containing slurry was subjected to repeated decantation 
with enough alcohol and washed. 

After the washing, the titania/silica film-coated powder 
was put into a vat, sedimented and separated, and the supernatant 
was removed. This was dried in air in a vacuum drier at 150°c 
for 8 hours, and then heated in a rotary tube furnace at 650°c 
for 30 minutes and cooled to obtain a titania/silica-coated iron 
powder 13. 

(Formation of fourth layer titania film) 

In a separable flask, 20 g of the titania/silica coated 
iron powder 13 was dispersed in a liquid that had been previously 
prepared for it by adding 22 g of titanium isopropoxide to 198.3 
g of ethanol, and, with stirring, a solution that had been 
previously prepared by mixing 30.4 g of pure water with 47.9 
g of ethanol was dropwise added to it, taking 1 hour. After 
the addition, this was reacted at room temperature for 4 hours. 
After the reaction, this was diluted and washed with enough 
ethanol, subjected to solid-liquid separation, dried in a vacuum 
drier at 110°C for 3 hours, then heated in a rotary tube furnace 
at 650°C for 30 minutes, and then cooled to obtain a titania/silica 
coated iron powder 14. 
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14 had a cyan color, and its peak wavelength of the 
reflection spectrum curve was 450 nm. 

(Formation of fifth layer titania film) 

In a separable flask, 20gof the silica-coated iron powder 

14 was dispersed in a liquid that had been previously prepared 
for it by adding 22 g of titanium isopropoxide to 198.3 g of 
ethanol, and, with stirring, a solution that had been previously 
prepared by mixing 30.4 g of pure water with 47.9 g of ethanol 
was dropwise added to it, taking 1 hour. After the addition, 
this was reacted at room temperature for 4 hours. After the 
reaction, this was diluted and washed with enough ethanol, 
subjected to solid-liquid separation, dried in a vacuum drier 
at no-c for 3 hours, then heated in a rotary tube furnace at 
650°c for 30 minutes, and then cooled to obtain a powder 15. 

15 was red-violet, having a peak wavelength of the 
reflection spectral curve at 380 nm and 820 nm and having a valley 
at 355 nm, 556 nm and 902 nm. The magnetization of the powder 

15 at 10 kOe was 140 emu/g. 
(Formation of sixth layer silver film) 

4 g of tartaric acid and 45 g of glucose were dissolved 
in 1 liter of pure water with heating, and the resulting solution 
was further heated and boiled for 5 minutes. Then, this was 
left cooled, and after reached room temperature, this was mixed 
with 100 ml of ethanol and homogenized, and stored in a dark 
for 5 days to give a reducing solution. 
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3.5 g of silver nitrate was dissolved in 60 ml of pure 
water, and aqueous ammonia (29 % solution) was added to it, and 
silver oxide was thereby deposited. Ammonia was further added 
to it and completely dissolved. . Then, an aqueous solution that 
had been previously prepared by dissolving 2.1 g of sodium 
hydroxide in 60 ml of pure water was added to it so as to deposit 
silver oxide. Ammonia was further added to it and completely 
dissolved to give a silver solution. 

The powder 15 was dispersed in the silver solution, and 
with stirring, 20 ml of the reducing solution was put into it, 
and reacted for 30 minutes . After the reaction, this was washed 
through decantation and then subjected to solid-liquid 
separation, and dried in a vacuum drier at 250*C for 8 hours. 

After thus dried, an yellow-green powder 16 was obtained 
having a peak at 590 nm. 

The film thickness of each of the 1st to 6th layers, the 
peak wavelength of the reflection spectral curve of the 
film-coated powder, the peak height (H) , the half-value width 
(W) and the ratio (H/W) are shown in Table 9. 
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Table 9 



Coatina Laver 


Film 
Thickness 

V 1 "* 1 / 


Wavelength 


reaK Height 
(H) 


Half-Value 
Width (W) 


Ratio 
(H/W) 


first layer 
silica film 


81 




- 


- 


- 


second layer 
titania film 


56 


451 


40 


40 


1.00 


third layer 
silica film 


88 


- 


- 


- 


- 


fourth layer 
titania film 


55 


450 


65 


33 


1.97 


fifth layer 
titania film 


48 


380 


71 


30 


2.37 


sixth layer 
silver layer 


25 


590 


72 


28 


2.57 



(Method for fabricating forgery-preventing discriminator) 

15 g of the powder H6 was kneaded in 10 ml of aqueous 
polymethacrylamine solution (100 ml/liter) to. prepare an 
ink-like composition LH. 

UsingRiso Kagaku ' s P G 1 0, a pattern 1 was printed to obtain 
a printed matter pf for discrimination. 

Next, 15 g of the powder 16 was kneaded in 10 ml of aqueous 
polymethacrylamine solution (100 ml/liter) to prepare an 
ink-like composition LI. 

Using Riso Kagaku 's PG10, a pattern *B" was printed with 
the ink-like composition LH, and an area around it was printed 
with LI to obtain a printed matter Pi for discrimination. 

When seen vertically, the overall surface of the printed 

matter PI was wholly yellow-green; but when the viewing angle 

was changed, then the letter «B" changed to green, and the area 
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around it was still yellow-green. 

In that manner, the truth of the printed matter could 
be readily checked with the naked eye. 

When the printed part «B" was scanned with a magnetic 
head, then the printed part «B" gave a strong reaction. In 
addition, when Pip Fujimoto' s medical magnet was brought close 
to it, then the printed part was attracted by its magnetic force. 

Example 10 

A 1/4X alternate films-coated powder was prepared, having 
a maximum reflectance at 4 30-nm light. 
(Selection of substrate particles and coating layers) 

For the substrate particles, selected was BASF's 
spherical iron powder (trade name, HQ) having a particle size 
of 1.8 |_im. 

For the coating layers, selected was an Si0 2 /Tio 2 alternate 
4-layer structured film formed on the substrate particles. 

Based on the substrate particles (BASF' s spherical iron 
powder HQ, and the coating layer structure thus selectedas above, 
the following equation (1) was solved, and the resulting value 
R fiat was applied to the following equation (2) to thereby 
calculate the thickness of each coating layer that shows the 
maximum reflection at 4 30-nm light: 
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R r ^u + R ij-i ex K- 2 'Sj) 

J+,J l + rwj*u*ap(-2»,) 



25j « -^Hjdj cosfy 

A, 



(l) 



wherein R j+ i,., indicates the amplitude reflection 
intensity between the j-th layer from the bottom and the layer 
just above it; 

j indicates an integer of 1 or more (j - 1 = o indicates the 
substrate) ; 

i indicates an imaginary unit; 

rj+i.j indicates the Fresnel reflectance .coefficient of the 
interface between the j-th layer from the bottom and the layer 
just above it; 

Rj.i-i indicates the amplitude reflection intensity between the 
(j-l)th layer from the bottom and the layer just above it; 

26j indicates the phase difference at the j-th layer from the 
bottom, 

X indicates the desired reflected light wavelength; 

nj indicates the refractive index of the j-th layer from the 

bottom; 

d, indicates the thickness of the j-th layer from the bottom; 

M indicates the light incident angle into the j-th layer from 
the bottom: 
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R&)=finn2d'R Pal (k,eyd8 (2> 

wherein 6 indicates the incident angle into the outermost 

layer. 

The calculated data of the film thickness of each coating 
layer, obtained according to the above-mentioned equations (1) 
and (2), were as follows: The first layer Sio 2 film was 60.3 
nm; the second layer Ti0 2 film was 4 9.2 nm; the third layer Si0 2 
film was 70.6 nm; and the fourth layer Ti0 2 film was 42.6 nm. 

The calculated data of the relative reflectance of each 
coating layer are as in Fig. l. 

(Production of film-coated powder for particle size correction 
of first layer Si0 2 film) 

Varying the film-forming reaction condition, an Si0 2 film 
was formed on the above-selected substrate particles (BASF's 
spherical iron powder HQ) , and eight different types of samples 
each having a different coating film thickness were thus prepared . 
The Sio 2 film formation was effected according to the metal 
alkoxide hydrolysis method described in International Patent 
Laid-open WQ96/28269. Each of these eight types of the samples, 
coated powder for particle size correction of the first layer 
Si0 2 film, was cut by processing it with focused ion beams (FIB) , 
and the actual film thickness (d M ) was determined by observing 
the cut face thereof with an electronic microscope. The data 



are given in Table 10 below. 



Table 1 



Sample Powder 


Measure Data of Film Thickness 


riO. 1 


57.1 


No. 2 


L 58.2 


No. 3 


58.6 


No. 4 


59.5 


No. 5 


71.4 


No. 6 


94.2 


No. 7 


97.8 


No. 8 


99.6 



In addition, the wavelength at which each of the 
above-mentioned eight samples, coated powder for particle size 
correction of the first layer si0 2 film, has a maximum absorption 
wasmeasuredwithaspectrophotometer, and the maximum absorption 
wavelength was divided by 4 to give an optical film thickness 
(nd) of the layer. 

Fig. 2 shows a relational curve (dotted line) of the 
measured data of film thickness (d„) vs the optical film thickness 

(nd) of the eight samples, coated powder for particle size 
correction of the first layer SiO z film. In this, the full line 
indicates the calculated data of the measured film thickness 

<d„) vs the optical film thickness (nd) obtained according to 
the above-mentioned equations (1) and (2) . 

(Correction of spectral characteristics corresponding to the 

calculated data of film thickness of the first layer Si0 2 film 
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and film formation) 

From the relational curve of the measured data of film 
thickness (dn) vs the optical film thickness (nd) shown in Fig. 
2, obtained was the optical film thickness that corresponds to 
the calculated film thickness (60.3 nm) of the first layer Si0 2 
film obtained according to the equations (1) and (2), and the 
thus-obtained optical film thickness value was substituted for 
n 3 di in the equation (1) to obtain the calculated data of the 
spectral curve (A) in Fig. 4, and the X value (420 nm) to give 
a reflection valley was obtained. The first layer Sio, film 
was actually formed so that its reflection valley could appear 
at the thus-obtained X value (420 nm) . The film formation of 
the first layer Sio 2 film was effected according to the metal 
alkoxide hydrolysis method described in International Patent 
Laid-open WQ96/28269, like the film-coated powder for particle 
size correction. 

(Production of film-coated powder for particle si Ze correction 
of second layer Ti0 2 film) 

Varying the film- forming reaction condition, a Ti0 2 film 
was formed on the Si0 2 film-coated powder having the first layer 
SiG 2 film (60.3 nm) formed on the substrate particles (BASF's 
spherical iron powder HQ) so as to have a reflection vall ey at 
420 nm, and three different types of samples each having a 
different coating film thickness were thus prepared. The Tio 2 
film formation was effected according to the metal alkoxide 
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hydrolysis method described in International Patent Laid-open 
W096/28269. Like the coated powder samples for particle size 
correction of the first layer Siq 2 mentioned above, each of these 
three types of the samples, coated powder for particle size 
correction of the second layer Ti0 2 film, was cut by processing 
it with focused ion beams (FIB) , and the actual film thickness 
«Jh> was determined by observing the cut face thereof with an 
electronic microscope. The data are given in Table 11 below. 



Table 2 



Sample Powder 


Measure Data of Film Thickness 


No. 2-1 


55.8 


No. 2-2 


68.0 ~ 


No. 2-3 


86.9 



In addition, the wavelength at which each of the 
above-mentioned three samples, coated powder for particle size 
correction of the second layer Ti0 2 fil m , has a maxiinmn 
reflectance was measured with a spectrophotometer, and the 
maximum reflectance wavelength was dividedby 4 to give an optical 
film thickness (nd) of the layer 

Fig. 3 shows a relational curve (dotted line) of the 
measured data of film thickness (d.) v s the optical film thickness 
(nd) of the three samples, coated powder for particle si2e 
correction of the second layer Ti0 2 film. l n thiS/ the full 
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line indicates the calculated data of themeasured film thickness 
(d H ) vs the optical film thickness (nd) obtained according to 
the above-mentioned equations (1) and (2). 

(Correction of spectral characteristics corresponding to the 
calculated data of film thickness of the second layer TiO z film, 
and film formation) 

From the relational curve of the measured data of film 
thickness (d M ) vs the optical film thickness (nd) shown in Fig. 
3, obtained was the optical film thickness that corresponds to 
the calculated film thickness (49.2 nm) of the second layer Ti0 2 
film obtained according to the equations (l) and (2), and the 
thus-obtained optical film thickness value was substituted for 
njdj in the equation (1) to obtain the calculated data of the 
spectral curve (B) in Fig. 4, and the X value (400 nm) to give 
a reflection peak was obtained. The second layer Ti0 2 film was 
actually formed so that its reflection peak could appear at the 
thus-obtained lvalue (400nm). The film formation of the second 
layer Ti0 2 film was effected according to the metal alkoxide 
hydrolysis method described in International Patent Laid-Open 
W096/28269, like the first layer Si0 2 film. 

(Production of film-coated powder for particle size correction 
of third layer Si0 2 film and fourth layer Tio 2 film, and correction 
of spectral characteristics corresponding to the calculated data 
of film thickness) 

Like those for the first layer Si0 2 film and the second 
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layer Ti0 2 film, coated powders for particle size correction 
were formed for the third layer Si0 2 film and the fourth layer 
Ti0 2 film, and the spectral characteristics of the layers were 
corrected in correspondence to the calculated data of the film 
thickness, and the films of these layers were actually formed. 

However, since the relationship between the measured data 
of film thickness (d M ) and the optical film thickness (nd) of 
the third layer SiO z film and the fourth layer Ti0 2 film were 
extremely close to the calculated data that were obtained 
according to the above-mentioned equations (1) and (2), the 
correction of the spectral characteristics corresponding to the 
calculated data of film thickness was substantially unnecessary . 
This would be because the curvature of the outer coating films 
is smaller and the coating films may be close to flat films. 

Fig. 4 (c) and (D) show the calculated data of the spectral 
curve of the third layer Si0 2 film and the fourth layer TiO z 
film. 

The film formation of the third layer si0 2 film and the 
fourth layer Tio 2 film was effected according to the metal 
alkoxide hydrolysis method described in International Patent 
Laid-Open W096/28269, like that of the first layer si0 2 film 
and the second layer Ti0 2 film. 

The Si0 2 -Ti0 2 alternate four-layer film-coated powder 
obtained in this Example was vivid blue powder. The actual 
spectral curves of the powder particles coated with each layer 
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are shown in Fig. 5. After the formation of the fourth layer 
Ti0 2 film, a reflection peak of a relative reflectance of 1.45 
appeared at 430 nm . This was higher than the relative reflectance 
(1.31) of the reflection peak that appeared at 430 nm after the 
formation of the second layer Ti02 film. 

The relative reflectance is a value obtained by dividing 
the reflectance of the coated particles by the reflectance of 
the substrate particles. 

Comparative Example 1 (Film thickness planning based on 
multi-layer film-coated flat substrate) 

Based on the substrate particles (BASF's spherical iron 
powder HQ) and the coating layer structure selected in Example 
10 as above, the equation (1) was solved to obtain the calculated 
data of the film thickness and the spectral curve of each coating 
layer so that the R flat value at 430 nm could be the maximum 
reflection intensity. The calculated data of the film thickness 
of each coating layer were as follows: The first layer Si0 2 
film was 54.5 nm; the second layer Ti0 2 film was 4 6.0 nm; the 
third layer Sio 2 film was 63.3 nm; and the fourth layer Tio z 
f ilmwas 47 . 5 nm. The calculateddata of the relative reflectance 
of each coating layer were as in Fig. 6. 

The coating layers were formed so that each could have 
the reflection valley or peak as in Fig. 6. These were formed 
according to the metal alkoxide hydrolysis method described in 
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Fig. 7 shows the actual spectral curve of each layer on 
the SiO z -Ti0 2 alternate 4-layer coated particles formed 
according to the film thickness planning based on the multi-layer 
film-coated flat substrate as above. As a result, the relative 
reflectance of the reflection peak at 4 30 nm after the formation 
of the fourth layer Ti0 2 film was 1.33; and this is the same 
as the relative reflectance (1.33) of the reflection peak at 
430 nm after the formation of the second layer Tio 2 film. This 
means that the increase in the number of the coating layers did 
not result in the increase in the relative reflectance of the 
coating layers. 

Comparative Example 2 (System without correction of spectral 
characteristics of coating films) 

In Example 10, the coated powders for particle size 
correction were not prepared and the correction of the spectral 
characteristics corresponding to the calculated data of film 
thickness was not effected. Except for it, the same process 
as in Example 1 was repeated, in which coating layers were formed 
so that they could show the reflection valley or peak as in Fig. 
1 , and Si0 2 ~Tio 2 alternate f our^layer coated powder was produced . 
As a result, the relative reflectance of the reflection peak 
at 430 nmof the thus-obtained powder was 1.248 and was smaller 
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than that (relative reflectance, 1.45) of the powder obtained 
in Example 1 . 

On the other hand, coating films having the calculated 
data of film thickness as in Comparative Example 1 were formed 
on a flat substrate of the same material as that of the substrate 
particles (BASF's spherical iron powder HQ) used herein to give 
an Si0 2 -Ti0 2 alternate four-layer coated flat sheet, and its 
relative reflectance at 430 nm was 1.255. 

Accordingly, it is understood that the relative 
reflectance of the Si0 2 -Ti0 2 alternate four-layer coated powder 
formed in Example 1 without the preparation of the coated powders 
for particle size correction and without the correction of the 
spectral characteristics in correspondence to the calculated 
data of film thickness was smaller than that of the multi-layer 
coated flat sheet produced by forming the coating film of the 
same structure on the substrate of the same material as the former . 

INDUSTRIAL APPLICABILITY 

The film-coated powders, the coating compositions and 
the coated materials of the invention are specifically so 
designed that the number of the coating layers therein is 
preferably at least two or more and the thickness of each layer 
is increased based on the technique intrinsic thereto so as to 
ensure the spectrometry properties in that the reflectance at 
the peak in the reflection spectrum is increased and the ratio 
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of the peak height (H) to the half-value width (W) , H/W falls 
within a specific range as above. Accordingly, they give off 
beautiful colors having a high color saturation, and have a vivid 
color shift (color change) effect, and as having the advantageous 
applicability, they make it possible to enlarge the range of 
coloration possibility. 

In addition, the powers of the invention in which each 
coating layer is suitably planned in point of its thickness so 
as to increase the reflection intensity thereof to a specific 
wavelength light and which has a specific film thickness 
accurately give off various types of more vivid colors having 
a higher color saturation and a larger color shift than those 
given by conventional powders. 

The powders of the invention are useful in various 
industrial fields of, for example, automobile coating, 
decoration coating, plastic pigment coloring, as well as coating 
compositions, printing inks and others. 

The film-coated powders, the coating compositions and 
the coated materials of the invention are extremely useful in 
producing secrete documents for forgery prevention, including, 
for example, bank notes, checks, check cards, credit cards, 
revenue stamps, postage stamps, railroad and air tickets, 
telephone cards, public lottery tickets, gift tickets, passports 
and identification cards. 
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